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PREFACE. 


Tras  text-took  on  Chemistry  U  iBtendctl  for  the  u^e 
of  Scliools  and  Collcge9.  It  embodies  the  valu^tbie 
parls  of  the  work  on  tbu  same  subject  pulibBliccl  by  my 
iUlUcr  ill  lSi6,  whicU  aatisfiecl  so  completely  lha  public 
wants  that  it  passed  tbi'oiigli  iiioro  than  foi-ty  cdiuona. 

It  has  been  foiuiJ  necessary  to  make  this  book  larger 
thntt  that  by  a  hundretl  pages,  and  to  incorporato  a  very 
eoTi9idGra.blG  number  of  new  illiistmions,  in  order  to 
bring  tliB  subject  fully  up  to  the  present  timcL  A  free 
use  has  beca  made^  of  all  the  most  recent  authorities, 
both  in  English  and  other  Inngnagea,  and  it  ia  believed 
that  DotbiDg  essential  for  tbo  etudent  has  been  omitted. 

The  form  the  hook  has  taken  baa  been  determined  by 
long  experience  iu  teaching,  not  only  tit  the  University, 
but  also  in  the  many  CoLiegea  and  Schools  where  the 
former  test-book  has  been  and  ia  used.  The  subject  ia 
preaenled  in  the  most  practical  way,  all  ucedlesB  techni- 
calities are  avoided,  and  the  facta  are  stated  in  plain 
language  suited  to  the  claBS-roora. 

At  ibe  bottom  of  each  page  a  seriea  of  queationa  wilt 
bo  found  ;  they  are  intendcti  to  assist  a  teacher  in  point- 
ing out  the  more  esseutial  facts.  The  copiousness  of 
illnstration  will  also  prove  to  be  of  material  advantage 
in  Bchoola  where  there  is  a  deficiency  of  apparatus  for 
experiment. 

Hknbt  Dkafsb,  H.D. 

Unii'ertit^  of  Neiv  Yuri;  1806. 
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LECTURE  I. 

History  op  CnKHisTny. —  Chsmistry  the  Science  of 
A.nahfgis  and  Si/nlhesis. — Jia  early  Uistoi'y.—AMie- 
tiiy. — HiB  PhUosopher's  SCone. — The  Elixir  of  lAfu, 
— Discovery  of  the  stmny  Acids. —  TJm  second  Stage 
of  ChemUtry.- — Cause  of  the  Union  of  JloJries. — 
JJoctrinc  of  Acids  and  Alkalies.  Acuity ~  —  TJie 
Elettro- Chemical  Theory. — Dalton's  Atomic  T!if,ory. 
— Atoms  and  Interstices. — Atoms  attracted  tofjeOi^ 
hy  CoAeaion  and  repelled  by  Heaf.  —  Experimental 
Illustrations. 

Chhmistbt  may  be  defined  as  the  Science  of  Analysis 
nnd  Synthesis.  It  dca!3  with  the  atoms  of  which  bod- 
ies are  coaiposed,  and  inveatigateg  the  chnnges  of  forai 
and  [iropertiea  they  .Buffer  by  decomnositious  aiiil  com- 
binations. It  leaves  to  Natoeal  PhUjOSOFuy  the  de- 
scription of  the  acttou  of  masses  of  matter  upon  one  an- 
ollier. 

Chemistry  has  existed  from  the  earliesC  times,  having 
been  brought  into  Europe  from  the  East.  At  first  con- 
siating  of  a  few  isolated  facts,  which,  as  their  nHmbei" 
increased,  "were  grouped  together  by  the  aid  of  various 
hypotheses,  it  hag  in  recent  iimm  acquired  precision,  and 
come  to  be  regarded  aa  one  of  tbc  exact  scicncca.  Tlic 
great  progress  which  it  made  in  the  Middle  Agea  was 
due  to  the  impression  then  existing,  that  by  its  aid  men 
might  discover  the  means  of  transmuting  itiei  baser  inin 
the  nobler  metals,  might  learn  how  to  twm  lead  into 
gold.  The  desire  of  acqniriog  wealth  suddenly  -was  the 
moving  spring  that  tempted  many  to  wasta  their  entire 
jiossessiona  in  long-continued  experiments.  Alchemy, 

Wliaf  nre  (he  objects  of  chemistry?  '\V\iai,  ilncs  Natural  PliiluBO 
pliy  Ireitl  of?  What  ia  the  -early  historj'  of  theniisti^?  What  ia 
meant  h3'  Alchemy? 
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Uie  Cbemiatry,  tie  art  of  making  tlie  precious  IJielals, 
iis  tho  science  was  termed  by  tbo  Arabians,  pursiied  an- 
other equally  uuattaiuable  eud,  the  search  for  the  Elixir 
of  Life,  by  -whicli  eiiateiice  might  be  indefinitely  pro- 
loDgGd.  The  aicliemiBts  supposfid,  as  gold  "was  tho  no 
bJest  of  tho  metals,  that  if  it  could  be  ohtaiued  in  a  dis- 
solved condition,  potable  gold,  the  problem  ^\'ould  bo 
Bolved, 

III  the  prosecution  of  Buch  investigations,  conducted 
by  many  persons,  and  with  the  utmost  ardor,  great 
facts  eoiild  not  fail  to  be  coiitimially  found  oHt,  facta 
■which  form  tho  solid  hasis  of  moderu  clicmistiy.  Of 
these,  the  moat  important  was  the  discovery  of  the 
strong  acids.  Nitric  acid  was  procured  by  Djaftv,  oi* 
Geber^  toward  the  end  of  the  eii^hth  century,  by  distil- 
ling Cyprus  vitriol,  alum,  and  saltpetre  together;  and 
aqua  vcgia  was  formed  by  tiie  addition  of  sal  ammoniac 
to  that  atiid.  In  the  ninth  century,  Rhazes  described 
Bulphuric  acid,  having  prepared  it  by  the  distillation  of 
green  vitriol ;  ho  also  obtained  absoltato  alcohol  by  the 
action  of  quiok-iime  on  spirit  of  ■wine. 

When  we  recollect  that  previous  to  this  time  vinegar 
waa  the  strongest  acid  known,  it  vil!  be  at  once  per- 
ceived how  gieatly  the  powers  of  the  chemist  ^ve\^G  in- 
creased, lie  could  decompose  substances  which  had 
hitherto  proved  entirely  intraetable,  and  could  form  a 
large  number  of  new  compounds, 

The  discovery  of  aqua  regia,  the  Bolve'nt  for  gold,  by 
Gcbcr,  and  tlie  soon-proved  inefficacy  of  potable  gold  to 
prolong  Ufc,  gave  a  Ueath-blo-vv  to  that  phase  of  alche- 
my. The  transmtUalion  of  raetals  is  still  sought  for, 
because  no  demiDnstration  of  its  impossibility  has  been 
oficrcd.  Indeed,  the  mass  of  evidence  looks  the  other 
way,  and  many  eminent  chemists  are  ^'illing  to  admit 
that  it  may  a%  any  time  be  accomplished.  The  pursuit 
of  the  elixir  of  life  ended  in  the  introdnction  of  chemis- 
try into  medi cine,  Basil  Valentine  publishing  a  treatise 
on  the  virtues  of  antimony  in  the  Iifteeutli  century,  and 
Paracelsns  introducing  mercury  as  a  specific  in  certain 

Whni  is  iIiG  Elixir  of  Life?  Whitt  grout  facts  were  discovered  liy 
llip  nlchi'inftlF! '/  Why  was  llie  iliiChvury  of  tlic  hcids  importnnl'? 
What  is.  i»tal»lo  gold, 'and  its  mc'l  U  ir'ansnittoilioa  of  the  meinU 
passible  ? 
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nffections  in  tto  sixteentli.  Vnn  Helooont,  who  firet 
used  the  term  gases,  was  the  last  alchemist  of  any  uote. 

The  eecoutl  stage  in  tbe  progi-ess  of  chomistry  may  be 
regarded  aa  ongiiiating  in  uttGuijHe  to  investigate  the 
reason  of  the  union  of  bodies.  Alchemy  left  a  mass  of 
facts  witijoiit  order  or  arrangement,  having  no  comiec- 
lioii  with  Olio  another.  Sylvius,  a  Dutch  physician, 
born  in  lttl4,  was  the  author  of  the  doctrine  of  acida  and 
alkahes,  and  their  nentraliaatioii,  liis  leading  idea  being 
that  for  substances  to  enter  into  union  lliey  must  pos- 
Gesa  opposite,  and  not  similar  qualities.  Ue  showed  that 
a  compound  may  difler  altogether  in  properties  from 
tho  bodies  from  which  it  has  been  formed:  thus,  siil- 
phiirie  acid,  a  eout,  corroaive  hquid,  nniling  with  limn;, 
a  caustic  eolid,  produces  sulphate  of  lime,  an  inert  body. 

This  doctrine  of  the  affinity  of  substances  of  opposite 
natures  was  developed  by  Geoffrey,  wJio  constructed 
tables  showing  the  graduated  or  elective  affiRity  of  bod- 
ies for  one  another,  some  exhibiting  a  weaker  and  oth- 
ers a  strongef  disposition  to  unite  with  a  given  eida- 
Btance.  These  tables,  which  arc  even  now  of  considein^ 
ble  use,  d!o  not,  however,  repreEeiil  the  order  of  nfiinity, 
but  only  of  decomposition,  on  account  of  the  intei"fer- 
ence  of  ceitain  external  agents,  such  aa  temperature, 
solubility,  cohesion. 

Eventually,  it  was  stated  by  Davy,  in  his  electro- 
chemical  tlieory,  that  the  condition  determining  ibo 
union  of  bodies  is  that  they  must  be  in  opposite  electri- 
cal conditions.  Thus,  for  example,  potash  is  compoBod 
of  potassium,  an  electro-positive  metal,  and  oxygen,  nn 
electro-negativo  gas.  On  this  theory,  ah  bodies  belong 
to  one  of  two  groups,  electro-positive  or  eleclro-nega- 
tivc,  depending  on  which  pole  they  pass  to  when  com- 
pounds containing  them,  aro  decomposed  by  fl  voltaic 
current.  Chemical  affinity  is  therefore  an  electrical  phe- 
nomenon. Although  apparently  simple,  diflicnlties  of  a 
formidable  kind  present  *hein selves  to  this  hypothesis. 
Tbe  doctrine  has  received  its  "utmost  development  by 
the  researches  of  F.iraday,  to  he  described  hereafter. 

What  woj  the  second  stage  of  cheniistryf  What  is  the  doctrine 
of  BtiilB  aud  alknlies?  What  ara  Geoftroy's  tallica  ?  What  do  they 
iniicale?  Wlmt  doos  the  ■electro-chomieal  theory  affirm?  Whoi 
tivu  (^ups  tan  bodies  divided  into? 


Dalton's  atomic  theory  accoiintB  for  ttiG  union  ofbod- 
ies  111  definite  proportioii>i  hy  supposing  that  they  con- 
Biat  of  atoins^  or  indivimblc  portions,  and  tbat  in  llie 
ease  of  cicli  enbstanee  the  atom  has  a  detinite  and  spe- 
cial weight.  Thus,  the  hydrogen  atom  being  taken  as 
the  unit,  the  atom  of  oxygen  is  eight  times  .13  heavy, 
thdt  of  Bnlphur  sixteen,  that  of  gold  a  liinidred  and 
iiinoty-aeven.  The  weight  of  an  atom  of  water,  conRist- 
ing  of  one  of  hydrogen  and  one  of  oxygen,  must  be  nine, 
and  can  not  be  either  more  or  leas.  In  tho  case  of  eiilj- 
Btances  combining  to  form  more  than  ono  componnd, 
tho  proportions  found  ia  the  Tarious  compotinda  bear  a, 
simple  relation;  tkna,  an  atom  of  carton  weighing  six 
may  combino  with  ono  of  oxygen  weighing  eight  to 
form  carbonic  oxide,  or  mth  two  of  oxygen,  weighing 
sixteen,  to  form  carbonic  acid,  Lut  no  intermediate  pro- 
portions are  possible. 
The  atoms  of  which  bodies  consist  are  not  in  contaat, 
but  are  separated  by  interstices,  or 
intervals.  The  distance  liy  which 
they  aro  Bopnrated  admits  of 
cliange  by  externnl  agents.  If,  for 
citaiuple,  a,  metalUc  ball,  ^iy.  l,ibe 
HO  adjnsted  to  a  ring  that,  when 
cold,  it  will  just  pass  tlirough  it, 
on  subjecting  the  bail  to  heat  it 
will  bo  fonnd  to  have  dilated,  and 
will  110  longer  pass  through,  bnC 
■will  remain  sustained.  On  allow- 
ing it  to  cool  in  that  position,  it 
contracts  again  to  its  former  size, 
and  will  fall  through  the  ring  spon- 
taneously. The  heat  lias  in  this 
case  partially  overcome  tlio  mutu- 
al attraction  of  the  atoms  composing  the  metal;  they 
have  receded  from  one  another,  and  an  enlargement  is 
the  result.  Aa  ibe  heat  in  Ih*  latter  part  of  tlie  exper- 
iment radiates  awnj',  cohesion  again  draws  the  atoms 
together  to  their  original  distance. 

IVhtit  does  tliE  atomic  thcury  nJUrm?  Wlinl  is  tlio  weigiit  of  nn 
niom  of  li^vdropren  ?  of  ujcjcen  ?  of  wntcr  ?  llovr  arc  nlnms  Bcpn- 
ratcil  ?  Describe  ihe  nppiit*cuB  l-'i-/.  1.  Wiint  was  ttic  effect  of  thn 
boat? 
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By  the  inBuenco  of  presBure  we  may 
demonstrate  the  saniie  fact,  tliat  atoms 
are  separated  liy  variable  intervals.  Let 
a  glass  tube,  a  b  c.  Fig.  2j  bent  aa  repra- 
senlGii,  ba  jjartly  filled  witb  water.  On 
exerting  jireasur-e  by  the  aid  of  tbo  pis- 
ton c,  the  column  of  air  in  a  A  may  be 
maile  to  diminiah  in  size.  The  atoms 
of  which  the  aircousistshaveapproaclied 
ono  another,  and  the  size  of  tfie  inter- 
venine;  interstices  has  been  lessened. 

Heat  exercises  a  fiimilar  effect  in  the 
e.iso  of  gases  to  that  exhibited  in  solida. 
This  is  ehown  by  the  apparatus  Flff.  3,  in  which  ra  ia  a 
glasa  bulb  terminating  in  n  tube,i,  dip-        r/t,  3. 
ping  below  the  surface  of  some  wator  in 
a  vessel,  c.    On  wiirming  tlio  bulb  a  by 
the  handj  the  liqnid  originally  standing 
nt  tha  point  6  descends,  indicating  ihnt 
the  air  in  n  has  expanded.    Its  atoms 
have  been  forced  apart  by  the  heat. 

By  decreasing'  the  pressure  exert  ed  by 
the  atmosphere  we  may  also  c.anse  an  in- 
crease in  the  size  of  the  interstices  of  a 
substance.  In  Fig.  4,  (i  is  a  glass  globe 
nearly  filled  with  water, bnt  contsiiniRg  u  bubble  of  air 
at  the  upper  part.  Its  neck^J,  descends, 
air-tight,  through  the  top  of  a  bcll-jar, 
and  terminates  in  a  vessel  of  water,  c. 
On  exhausting  the  air  from  the  bell-jar 
by  the  air-pump,  the  bubble  of  a\\;  a, 
will  be  Bcou  to  expand,  and  wiU  eventu- 
ally fill  the  entire  bulb  and  tube.  On 
restoring  tbo  presauro  of  tbo  air,  tiie  bub- 
ble-Contracts  to  its  former  sijie. 

Au  illustration  of  cohesion,  the  force 
that  opposes  heat  in  the  regulation  of  in- 
terstices, is  seen  in  the  experiment  of  the 
bullets.  If  two  Iciiden  buUeta  have  each 
a  bright  spot  pared  upon  it,  and  the  tM'o  he  then  pressed 

Dcscribo  Fi^.  2,  What  fai'E  docs  Fig.  3  illustrate?  Howmjiy  tlio 
inlcrHtiois  lielivCcrt  Qtoms  be  cnlarf^p  D^efibu  Fig.  4.  Describe 
tha  Qxpcrimefit  of  the  Ic.iiloTi  bullets. 
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closely  together,  they  coliei'e,  and  can  only  be  parted 
by  the  exertion  of  coiisiclerable  furce. 

Tiie  difitisnce  tlirougli  which  these  forces,  attraction 
jind  repulsion,  act,  ia  very  niinule;  for  if,  jii  ibe  above 
experiment,  the  buUets  be  sepavatcd  by  the  snialleBt  in- 
terval, no  attraction  ensnes;  they  must  be  forced  to- 
gether till  less  tlinn  a  millionth 
of  an  inch  inter'venes,  as  ivaa 
shown  by  Newton.  The  same 
fact  is  proved  by  the  a|iparatu3 
Fiff.  5,  which  consists  of  a  plate 
of  glass,  rt,  supported  over  some 
mercury  in  a  cup,  e.  To  ibo 
other  arm  of  the  balance,  i  e,  is 
hung  ,1  pan,  d,  contaluing  iveighta.  Ah  long  as  the 
glass  ami  mercury  are  not  in  contact  no  attraction  ia 
exhibited,  but  iraniediately  they  touch  a  considemble 
weight  must  be  put  into  <?  to  draw  them  apart. 

The  atomic  tlieory  forms  the  foundation  of  modern 
chemistry,  and  is  applicable  not  only  to  the  conihina- 
tion  of  clcmentB,  but  also  to  combinatlonB  of  their  com- 
pounds. As  wo  shall  see  in  organic  cliemistry,  tbero 
are  bodies  which  act  like  elements  whose  atoms  or  mole- 
cules are  exceedingly  complex,  containing  several  elH3- 
nienta  and  many  atoms  of  each. 


Thron(;!i  ivlini  diBtont'cs  do  nttrnclion  nnd  repclaion  act?  De- 
icribe  fijF.  G.    'WIlDt  is  [lie  present  posilioQ  of  th-o  atomic  ibeorj? 
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LECTURE  II. 

H18TOBT  OF  CnnsnsTRT. —  The  third  Stage  of  Chemia- 
tri/. — Zmmtigation  of  the  IfiiCure  of  Bodies.  —  An.- 
cunt  Doctrines. —  7%e  Phlogiatic  Theory. — Zanoisier 
introtluces  the  Use  of  the  Balance. — The  Nomenola- 
titre  031(1  Symboh. — The  fourth  Stage. — Assertion  of 
the  Jndesti'uctibilit}/  of  Matter. —  Correlatiim  and 
Conservation  of  I'hrce. — lUmtrationa  of  Converti- 
bility of  Force.  —  Atoms  regarded  as  C&Ures  of 
librce. 

At  tbe  same  time  tLn,t  the  inveatigatiotia  terininating 
in  the  atomic  and  eleotro-chetuiciil  tbtories  were  being 
carried  on,  the  third  stage  of  chemiBtry,  the  examina- 
tion of  the  uatnre  of  botlies,-was  in  progress.  « 

lu  aHciont  times  it  was  supposed  that  there  were  foar 
elements,  earth,  air,  &\'c,  and  water,  and  that  from  them 
arose  al!  known  suhstaiices.  Tho  alchemi&lsiDtradiiced 
as  a  suhatitute  the  doctrine  that  the  three  compooeuta 
of  all  bodies  ■wore  salt,  sulphur,  and  meueury,  and  that 
llieir  diilureuoe  of  proijertics  arose  from  variation  in  the 
proportiona,  IIciicu  traiismntation  was  possible.  To 
these  elements  Stahl  added  phlogiston,  tlie  principle  of 
iuflitnimability,  and  its  aid  chemists  were  enabled  to 
explain  all  phenomena  until  the  beginning  of  this  cen- 
ttn-y.  For  example,  when  metallic  earth,  or  calx,  was 
brought  into  its  regnline  or  metallic  form,  it  was  sup- 
posed to  have  imbibed  a  certain  proportion  of  phlogis- 
ton. On  subjecting  the  metal  to  th*  action  of  fire,  if, 
as  in  the  case  of  lead,  it  roturncd  to  llie  earthy  condi- 
tion, it  was  said  that  the  pliloglston  had  been  expelled. 
The  reduction  of  what  now  term  oxides,  by  the  aid 
of  charcoal,  was  asserted  to  be  dne  to  tbo  fact  that  char- 
coal contains  a  large  proportion  of  phlogiston,  and  read- 
ily imparts  it  to  theiiiietal.  The  inetala  were  compounds 

What  were  thn  fo-nr  elements  of  antiquity?  Wliat  were  the  pIp- 
moQCB  of  tliD  alclieinisis?  Wbnt  adillition  diit  Rtahl  IQiJie  Id  tllcni  ? 
Uon  did  he  explain  tlio  iictiun  uf  fiic  uu  uicluL<  i 
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of  cals  ami  phlogiston,  tlae  calx  or  oxide  being  the  sim- 
ple body, 

Tbo  pUlogiston  tlieory  was  destroyed  by  Lavoisjei", 
who,  by  tlie  iutroiJuctiou  of  the  balance  into  such  inqui- 
ries, slowed  that  thG  metal  gains  in  weight  wheu  it 
ossumea  the  earthy  appearaBce  uuder  the  iuflueoce  of 
lire  nad  air,  and  tliat  tlia  air  loses  as  much  as  the  metal 
gains.  The  advocates  afthe  old  theory  attempted  to 
account  for  this  ia«t  by  assuming  that  phlogiston  was  a 

firiiiciple  of  levity,  and  in  combination  rendered  bodies 
igiitei".    It  was  regarded  aa  identical  with  hydrogen, 
or  phlogiaticated  air,  aa  that  gaa  waa  called. 

With  tie  introdiictiou  of  the  baJancc,  chemistry  be- 
came at  once  an  exact  science.  The  propoi-tioiiB  in 
whitth  elements  combine  to  forni  compounds  ivere  as- 
certained with  precision,  and  the  experiinenta  necessary 
for  the  completion  of  the  atomic  theory,  by  determining 
the  atomic  wei^hla  of  bodies,  were  uudertaken.  An 
element  was  detinc^d  to  be  a  body  not  decoiuposable  by 
any  knonn  agency. 

At  tho  Biime  epocb  iLe  defecta  in  the  ayBtcm.  of  nam- 
ing Bubstauces  were  remedied  by  snbstituting  for  the 
old  arbitrary  titles,  such  as  green  -vitriol,  Epaom  Balta,  a 
new  nomeuclaturo,  nud  a.  language  of  symbols,  Every 
substance  was  named  accordiiig  to  its  composition,  and 
ita  cotistitution  ciearJy  expressed  by  a  short  formula. 
This  improvement  is  duo  to  a  conimissioa  of  French 
chemists,  L  avoisier,  Ue  Morvean,  Berthollet,  sind  Four-- 
croy.  Altlioufih  the  present  wants  of  chemistry  are 
hardly  supplied  by  this  nomenclature,  yet  it  has  worked 
its  way  into  the  arts,  and  been  so  generally  ndopted, 
that  a  belter  successor  than  any  yet  proposed  will  have 
to  be  t'mmd  before  it  can  be  displaced. 

Tho  last  stage  throngh  wliich  chemistry  has  com- 
menced topaea  is  that  asserting  the  indestractibility  of 
ma.ttcr.  In  the  old  time,  when  a  substance,  as  carbon, 
for  example,  was  exposed  to  the  action  of  fire  and  dis- 
appeared from  Ttow,  ct  was  supposed  to  have  teen 
destroyed  or  dissipated.    At  the  same  period  it  was 

By  whom  ivns  iLu  Liiliinca  iniroiim'C'd  hito  cliemistry?  Whfit 
WiiisCIJilpnco  Piisiieil  ?  Why  was  ])lil(igi«toTi  assQtiied  to  be  n  prin- 
ci[ile  of  letity?  How  iraa  lli5.nt)Biciio]aturo  introdaeed ?  What  il 
lha  Insl  stsgQ  of  chcmiscry? 
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imagined  that  new  bodies  could  be  created  from  nolb- 
iog. 

But  the  (iiscovery  of -carbonic  acid  by  Black  and  ox- 
ygen by  Priestley  led  lo  another  explaoation  of  com- 
bustion, and  pj'oved  that,  altbdngh  in  that  operation 
bodies  ra!ty  change  their  form,  their  atoms  etill  exist, 
■and  may  be  recovered.  In  tho  burning  of  carbon  iho 
atoms  are  not  destroyed,  but  only  take  on  a  gaseous 
form,  and  by  ibei  actiou  of  the  leaves  of  plants,  undci' 
the  iuflueucG  of  sunlight,  may  be  brought  again  into  a 
visible  coudition.  If,  in  a  closed  flask  of  air,  counter- 
poised on  the  avm  of  a  balance,  a  few  grains  of  gun- 
powder he  exploded,  though  the  Boltd  haa  dieappeared 
from  sight,  the  contenta  of  the  flask  weigh  as  rnuth  aa 
iCver;  that  arm  of  the  balance  doca  not  move  upward. 

To  tho  doctrine  of  the  indeetrnctibility  of  matter  bas 
.been  added  that  of  the  correlation  and  conservalEon  of 
force.  By  iheae  terms  it  is  implied  that  force  is  cquaU 
ly  iudestnictible  with  matter,  but  tbat,  in  addition,  it 
■may  present  a  variety  of  IransfoJ'mationa.  It  raay  be 
.stored  up,  or  disappear  in  a  latent  state,  as  iu  the  cnso 
of  beflt  and  light  coccealed  in  plants,  atid  originally  de- 
idved  from  the  Bun.  Heat,  light,  electricity,  motion,  nrc 
all  regarded  aa  mutually  convertible  withontloss.  The 
ccibvereion  of  motion  into  heat  may  be  illnstrated  by 
an  experiment.  If  si  piece  of  metal  tube,  closed  at  the 
bottom,  be  so  arranged,  Mg.  6,  as  to  be  set  in  i-apid  rev- 


olntion,  on  filling  it  with  eold  water,  and  causing  ita 
exterior  lo  be  compressed  by  a  pair  of  hinged  pieces  of 

Hdw  mnj  it  he  aliiiwii  that  mntter  is  not  deasructible  F  Wtiat  is 
mon-nt  by  correlnlioTt  nnil  consorvajicm  of  force  ?  Esplain  tho  ex- 
periment illnstiateil  in  Fi'a.  G. 

A  2 
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wood,  T,  the  fHctaon  irill  prodaoe  in  a  fev  minutes  beat 
eooDgh  to  boil  tbe  water.  If  a  cork  be  ioBerted  into 
the  moatb  of  the  tube,  it  will  be  vidently  exp^ed  after 
a  short  interval. 

Hanjr  experiments  showing  these  cooTersioDs  might 
be  described.  By  a  thermo-electric  pile,  heat  may 
be  converted  into  a  current  of  electricity,  magnetism 
produced  in  a  coil,  chemical  aflinity  exhibited  in  the  de> 
compouUon  of  solations,  and  light  given  out  in 
aparic 

Tbe  doctrine  of  the  conservation  of  force  is  by  no 
meaat  new,  having  been  aa«Hted  by  the  Arabians,  who 
Jnduded  the  force  exUUted  in  ue'  animal  fimotions, 
wen  intelleetioD,  in  the  same  category. 

Ib  wdcr  to  obtain  a  dear  ides  of  the  properties  of  the 
denUDts  it  will  be  first  wedfal  to  eater  somewhat  in 
dctiul  into  a  descriptkm  of  the  forces  acting  apon  them 
— best,  light,  and  electridty.  Matter  can  not  exist  ex- 
cept under  their  influence,  and  they  can  not  manifest 
theniitelvcM  witlioat  it.  It  must,  however,  be  borne  in 
mind  that  eminent  men  have  been  found  in  ancient 
timoo,  and  alxo  at  the  present  epoch,  who  entirely  deny 
the  BKiirtenoe  of  matter ;  and,  carrying  the  atomic  theo- 
ry om  tiUn)  farther  than  it  is  here  set  forth,  assume  that 
tml  tMMMlied  atoms  are  nothing  but  centres,  or  foci,  of 
firnm.  

WiMt  oflMif  KM/  be  poduced  a  thermo-eloGtric  pile?  Wbo 
wtm  tlM  luvMilnnt  of  the  doctrine  of  the  conservadint  ot  fanxt 
WiMt  SI*      firtvei  of  chomlftty  ? 


PART  I. 


THE  FOKCES  OF  CltEHiaTRy. 


LECTURE  in. 

Heat. — Two  Hijpotheaes  of  the  JVature  of  ITeaty  (lus 
Material  and  (he  Menhanieal. — Infliienee  of  Hmt  on 
Inorganic  and  Organic  Stibstane^. —  Tnintference 
and  £JquiUbrmm  of  Kmt. — Heat  affects  the  Magtii- 
tilde  of  Bodies  and  their  Form.- — Affects  3Ieasure8 
of  Timii  and  Space.  —  Determines  Che  Distribution 
of  Animals  and  J^ants. 

TiiEUE  ai;o  two  liypotbesos  of  tlio  nalure  oflicat,  the 
first  of  whii;!i  regarJs  it  as  a  material  aubstaace,  with- 
out weiglit,  having  a  Bdf-i'epulsive  power,  ami  an  at- 
traction for  the  particles  of  matter.  The  second  eiip- 
jjosea  it  to  be  a  result  of  the  vibration  or  moveinciits  of 
the  atoms  of  which  bodies  ai'e  composed,  and  ia  termocl 
the  meehanical  theory  of  heat.  It  also  attempts  to  iu- 
dicate  with  precision  tho  exact  mccliaiiieal  equivalent 
of  heat,  esprefising  it  ia  "  foot-pound&,"  a  term  si;ftiify- 
!ng  tha  falliii*  of  one  pound  a  foot.  Thus  it  is  said  that 
the  heat  necessary  to  raise  a  pound  of  water  one  degree 
ia  temperature  ia  equal  to  7T2  foot-pounds. 

So  great  Ib  the  couLrol  heat  esereieea  over  ehemlcal 
changes  tli3t  few  expcriniGiita  can  be  made  in  which 
transformations  take  place  without  disturbance  of  tem- 
Jjerature,  sometimes  heat  and  aometimea  cold  being  pro- 
duced. 

In  tlae  organic  world,  also,  heat  plays  an  equally  im- 
portant part.  Life  can  only  bo  enstained  within  a  nar- 
row range  of  temperature,  the  one  hundred  and  eighty 

How  mnny  hypolliesPB  are  tliere  of  the  naluve  of  lient?  Describe 
each.  WhftC  is  ilic  meanine  of  the  lorm  foot-pound?  What  quan- 
tity (if  heat  is  required  to  rniso  ft  pjiind  of  water  a  deei'^eP  Ex,- 
plain  lliQ  control  of  hsui  OTcr  ihe  organic  wotIJ. 


degrees  which  intervene  between  the  boiling-  and  frees- 
iiig  poiuts  of  watei- ;  and,  indeed,  the  limits  are  narrower 
tliau  that,  for  iia  the  higlier  tribes  a  very  sligLt  varia- 
tion from  a  fixed  degree  causea  the  operations  of  ibe 
body  to  be  eerioualy  interfered  witb,  or  even  etopped 
altogether. 

When  an  ignited  mass,  as  n  red*hot  ball,  is  placed  in 
tli-e  middlo  of  .1  room,  common  observation  Baiislies  ns 
that  it  rapidly  losea  its  heat,  its  temperatarc  descending 
nntil  it  heeoitiea  the  enme  us  that  of  the  surrounding 
walls  and  otiier  bodips.  This  loss  is  due  to  several 
lauaes.  A  part  of  the  heat  ia  carried  away  by  contact 
with  the  Btund  whieli  snp^porls  the  hall,  a  part  by  cer- 
tain motions  established  in  the  Rurrounding  air,  and  a 
pai-tby  vadialioHi  Tliia  removDl  passes  imderthe  name 
of  transferencB ;  and  as  eoon  as  the  teniperalnre  has 
deelined  to  that  of  the  adjacent  bodies,  an  eqitiUtrium 
is  said  to  havo  been  attained. 

There  are  two  methods  hy  which  caloric  can  Tae 
transt'evr^d  :  ist.  By  radiation  ;  2d,  Ey-  convection. 
Of  the  forniGr  we  have  two  varieties — general  radiation 
and  interstitial  radiation. 

Substances,  no  matter  what  tbcir  form,  solid,  liquid, 
or  gaseous,  expand  by  increase  of  heat. 
TEie  experiment  -f5y.  1  shows  this  fact  in 
the  case  of  a  metallic  hall.  That  the  Eamo 
is  true  of  liquids  is  proved  by  taking  a 
glass  tube,  a.  b,  Fiff.  T,  open  at  one  end, 
but  having  a  bulb  blown  on  the  other. 
Tlie  bulb  and  part  of  the  tube  to  b  being 
lilled  with  water  or  any  other  liquid,  a 
Bpiril-lamp  is  to  be  applied.  The  flnid 
Konn  eouinienceB  to  rise  in  tlie  tnhe  S^the 
dilatation  increasing  with  the  temperature. 
If  tho  tube  bo  emptied  -of  tho  Jlnid,  and 
inserted,  as  in  Fit}.  H,  in  a  plaas  of  water, 
the  c-xpanftji'in  ofj^iiseous  snbatanccs  can  bo  shown  ;  for, 
on  wanniiKK  tho  bulb  a,  tiiu  air  it  contaiUH  expands,  and 
«8eapc«  in  EiibldeH  through  the  water  in  c. 

Dc<i~r[W  iho  iniinliiT  In  wlili  li  n  ri-i1-licit  liidl  rtxiXs.  DcRqq  (hu 
lerin  1  i'n.iiii.rcr<Nii*i*  n(  ln'iil.  Ili'lliiu  ri<rrii  i<c|iiililiriain  iif  \ieaX. 
Sy  ivliiii  iiMtliodi  ma}'  I'uut  Uurniinrurruil.    Ucsi^ribo  Fiq.  T.  De- 
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Solids,  liquida,  and  gaeca  eKpand,  ^'l'- 
tlierefore,  as  tlitii"  teiiifiL-ralciro  rlaes, 
and  coutract  as  it  falls,  Tho  size  of 
all  objecta  13  detprmiued  by  tbeir 
temperatiii'e.  A  measure  which  is  a 
yard  long  in  suaiiuer  is  shorter  in 
winter;  a  vessel  which  holda  a  gal- 
Ion  in  winter  holds  more  iu  euninior. 
The  appoaraiice  of  stationary  magni- 
tude of  suali  objecta  is  altogether  ft 
delusion.  Tliey  change  with  oveiy 
lioiir  of  tlie  day. 

Heat  also  determines  the  Jbrm  of  bodiea ;  that  is, 
-whether  ihcy  shal]  be  eolid,  iiquid,  or  gnseou9.  A  imsa 
of  ice  I'aisGd  to  32°  molts  into  water,  a  liquid  ;  and  if 
the  water  be  heated  to  212°  it  turus  into  steam,  a  gas. 
The  water  ia  thus  made  to  exhibit  all  the  forms  of  mat- 
ter by  change  of  tcrnpcrature. 

In  tlto  saiiiQ  manner  that  it  affects  our  nieasiirc9  of 
space,  heat  afteota  oin-  measures  of  tinio.  Clocka  and 
watehea  measure  time  by  the  vibrations  of  pendidiimg 
or  the  os.cill3tions  of  balance-wheels,  the  unilbnnity  of 
the  action  of  which  depends  on  the  uniformity  of  their 
size.  When  tho  temperature  vises,  the  rad  of  a  pendu- 
lum lengthens,  and  its  vibrations  are  made  more  slow- 
ly ;  the  clock  to  which  it  is  attached  losea  lime.  When 
the  temperature  declines,  the  pendulum  shortens;  it 
teats  loo  quickly,  aad  the  cIocTt  gains.  iSiniilar  obser- 
vations may  be  made  in  the  case  of  watches.  To  obvi- 
ate these  difficultiea  many  contrivances  have  been  in- 
vented, such  as  the  gridiron  pendulum  and  the  compen- 
sation balance-wheel.  Advantage  has  also  been  taken 
of  such  Biibstances  as  expand  but  littlo  for  a  given  ele- 
vation of  temperature,  and  thus  escellerit  clooka  have 
been  made,  the  pendaliim-roda  of  which  were  formed 
of  a  slip  of  marble,  or  a  rod  of  bak«d  wood  varniaLed, 

Natural  as  Tvcll  38  artificial  measures  of  time  depend 
on  heat.  Our  unit  of  time,  the  day,  is  the  period  occu- 
pied by  ono  rotation  of  the  eai-th  on  her  axis.    Tho  time 

What  effect  lins  heat  on  llie  sizn  gf  bodies?  What  ia  rneant  by 
the  term _/6i™  of  bailies  ?  Hoiv  uiny  Wnler  be  mnde  ia  exhibit  nil  I  ho 
form;  tj{  mnttcr?  Poscrilpe  tha  muuncr  in  wliii-hheai  nfi'ucis  mcns- 
nrcs  of  time. 


EPPKCTS  OP  TEMPEHATUItB, 

of  rotntion  ie  influenced  by  the  temperattire  of  her  mass; 
if  it  hIiohU  fall  slie'  wuulil  become  less  in  diameter,  and 
would  rotnte  more  quickly.  Thus,  when  m'c  tie  a 
weight  to  the  end  of  a  string,  ami,  ivhirling  it  round  in 
the  air,  permit  the  thread  to  tivine  round  one  of  onr  fin- 
gers, as  it  bhorleiiB  the  revolution  of  the  weight  be- 
comes quicker.  From  sucii  rcasoiiiiig  we  ascertain  that 
the  tem[jeratTire  of  the  globe  has  not  fiillcn  in  2000 
years,  because  astronomical  ob&ervalions  Bhow  that  the 
length  of  the  day  hsa  uot  Bhorteiied  in  that  time  -j-Stj- 
of  a  aecond.  There  was,  however,  a  period  when  ttig 
Garth  was  a  molten  mass. 

The  distribution  of  heat  on  the  earth's  surface  de- 
termines the  distribiitioQ  of  animals  aud  plaots.  lo 
each  climate!  animala  whose  constitution  suits  it  have 
appeared.  The  inonkey  only  lives  in  the  torrid  zone, 
and  dies  of  coiisnmption  in  our  latitude;  the  white  bear 
prefers  the  frigid  regions.  Man,  from  the  control  he 
acqnires  by  diet,  LonseB,  clothing,  and  fire,  can  live  in 
any  region,  although  hia  physical  appearance  and  men- 
tal powers  are  affected  by  a  prolonfted  residence  in  an 
UD  propltioas  and  iinuBual  climate.  The  types  of  plants 
vary  entirely  with  change  of  climate,  that  is,  change 
in  temperature,  vegetation  being  most  lusuriaut  in  lha 
tropica,  while  on  the  snow  of  the  polar  regions  the  red 
snoiT  alga  only  cnn  live.  The  same  changes  in  plants 
arc  seen  in  ascending  a  high  mountain  as  in  making  a 
journey  toward  the  pole,  the  warmth  in  both  cases  de- 
clining, and  the  vegetation  becoming  less  and  less  vig- 
orous. 

IIoW  do  W6  linow  thfit  lha  earth's  tetnperntiirG  has  not  fnllcn  ia 
20OO  yoars?  Was  it  6ver  higliet  LhftO  nC  prcspnt?  What  effect  has 
hent  on  the  di=tril)uiion  of  aniniLds?  "What  eiJect  on  planis  ?  Why 
ciiu  luitn  live  in  o-ny  climate  ? 


JiXPASSIOK  Off  OASBS, 
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LECTURE  IV. 

EsTANSioN  OF  Gabes  AND  LiQuiDs. — Hudbfrff's  Law. 
— Heguicrrity  of  Gaseous  ISi^ansion. — Mot-aii-  Sal- 
loon. — Changes  in  2hnperature  c/ian.</e  the  Volume 
of  a  given  Weight  of  Air.^Sanctorid's  TTiertnoine- 
ter.  —  Is  affected  by  the  I*reasure  of  the  Air. —  The 
Differential  Thermometer. — Differing  7£xpansi<m  of 
Liquids. — Tiieir  irregular  Lkpamiun. —  Jfie  Mercu- 
rial Thermometer. — The  Fa/ire?iheit,  Centigrade,  and 
Mmmnur  Scales. 

If  we  compare  togetlier  the  three  forms  of  bodies  aa 
respecta  tlieir  clianges  of  volume  undor  the  influence  of 
heat,  wo  sliall  find  that,  for  a  given  rise  of  teinperature, 
ga&es  expanil  the  most,  liquids  iDtennediately,  and  sol- 
ids least  of  all.  To  this  rule  but  few  ■exccptioiis  are 
known;  liquid  carbonic  acid,  however,  expands  about 
four  tiiQca  as  much  as  atiy  Kfjscous  tody. 

When  heated  from  lEia  freezing  to  tho  boiling  point 
of  watei", 

1000  cobic  inches  of  iron  become  ....  lOOt 
3000  "  ■'  water  "  ....  1045 
lODO     "  "air        "         .    ,    .    .  13G5 

Experiment  has  proved  that  gnsea  differ  among  thcni- 
eelrea  in  expansibility,  though  the  difierenees  are  not  to 
any  great  extent,  Thoae  which  can  bo  liquefied  expand 
the  most.  For  the  permanently  elastic  gases,,  atmos- 
pheric air  may  be  taken  fls  tho  type.  The  e.\perimenta 
of  Rndberg  and  l.atci-philoBopliers  bIiow  that  it  exp.indg 
■5^of  its  volume  at  32°  for  every  degree  of  Fahrenheit's 
thermometer.  As  the  siirae  quantity  of  gas  occupies  very 
dilTcrect  volumes  st  diSbrent  temperatnreB,  it  is  ceceg- 
flary,  ia  this  and  other  ench  cases,  to  state  somo  special 
temperature  at  which  the  estimate  of  its  volume  is  made. 
The  same  gaeeoiis  mass  occupies  amut^h  greater  gpace 

Whet  is  tlie  relarioa  of  expansion  of  gases,  liquids,  and  soliiis? 
Giia  an  estuepl.ion  ta  Iho  nilc.  Do  gnses  ox]jand  iiliLu  ?  What  ia 
Biidhcrfr's  law?  What  snbstaneB  is  tukcn  as  Lhe  tyjio  of  eises? 
Wliy  ia  tl  nci^eEsury  to  state  Cho  tfimperatTire  nt  Which  tba  estimatQ 


at  15°'  ihm  it  doca  at  32°.  In  ihc  instance  before  na  wo 
cousUlm-  the  oi-ipinal  volume  to  he  that  which  tho  gas 
would  have  at  32°,  and,  as  has  boon  said,  every  d-egree 
above  that  point  will  iocrease  the  voluiue  by  -j—y  ll'Q 
bulk  it  then  possessed. 

Gases  flxpand  wilb  noiformily  as  th«ir  temperatuve 
increases.  Ten  degrees  of  heat  prodttce  the  same  rela- 
tive effect,  whether  applied  at  a  low  or  nt  a  high  tetii- 
peraltire.  This  regularity  probably  arises  from  the 
waut  of  coh-Gsion  which  tha  gaseous  partiolca  exhibit. 
As  we  shall  presently  see,  it  is  not  observed  in  tJie  case 
of  liquids  and  solide. 

The  change  in  fipecific  gravity  of  air,  when  it  is 
warmed,  is  one  of  the  causes  of  the  rise  of  Mont^olGcr 
balloons.  Tliese,  which  were  invented  in  France  in  tho 
year  1782,  consist  of  a  bag  or  globo  of  light  materials, 
such  as  paper  or  silk,  with  an  aperture  at  the  lower 
part,  through  which,  by  the  aid  of  combustible  mate- 
rial, as  straw  or  shavings,  ths  air  in  the  iutcrior  may  be 
Fifi.v.  rarefied.    On  a  small  scale,  they  may 

the  made  of  thin  tissue  paper,  pasted 
together  fio  aa  to  form  a  epheio  of 
two  or  three  feet  in  diameter,  Fiff.  9, 
an  aperture  being  cut  in  the  lower 
portion  SIX  inches  or  more  in  width, 
and  beneath  it  a -piece  of  sponge, 
Hoakcd  in  spirits  of  wine,  Eiispended. 
This  being  sot  on  fire,  the  flame  rai-e- 
fiea  the  air  in  the  interior  of  the  bal- 
loon, which,  though  it_  might  he  at  first  flaccid,  soon 
dilates,  and  the  whole  flpparatna  will  tiOw  rise  in  the 
air  precisely  on  the  same  principle  that  a  corl^  risca 
from  the  bottom  of  a  vessel  of  water. 

In  addition  to  tho  heated  air,  the  vapor  of  water  that 
is  produced  from  tho  burning  body  assists  in  tho  as- 
cension, because  it  is  lighter  than  air.  By  decline  in 
temperature,  tho  heated  air  collapses  to  its  original  size, 
the  Htcam  condenses,  and  the  bollooa  doscendB  to  the 
surface  of  the  earth  again. 

In  tho  operation  of  cu|iping,  the  cupping-glass  re- 

Ba  gagra  i^ixpand  with  unifarintc^}  Describs  llio  coustrnclion  uf 
ttio  MoDtgolfier  balloon.  Whj  <loes  it  rise  in  the  sir?  What  is  iha 
cuiuo  of  its  iptccDC?    Dcsi^ribc  (ho  'Opcrnlion  of  cupping. 
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ceivea  for  n  moment  the  flame  of  a  epirit-Iamji,  nnH  is 
llitiii  qwiekly  npplied  to  Ihu  smface  of  the  Kkiu.  Thu 
vapui-  of  water  coiideiising,  and  tlie  heated  air  contract- 
ing, a  very  good  vacuum  can  be  made. 

Ab  tiiG  voiume  of  air  changes  eo  readily  with  the  tom- 
per.iture,  becoming  less  when  cooled  and  greater  wlien 
warmed,  the  amount  of  air  that  a  given  iiieasnro  will 
hold  is  very  dilibrent  at  vanoiis  idafies  on  the  earth's 
siirfjice.  A  vessel  that  ■will  Jiold  an  loniice  weight  at 
the  mean  tcmyeraturw  of  New-Yorlt  will  hold  more  in 
tho  cold  polar  regions,  and  less  at  the  tropics.  Iii  the 
former  the  air  is  more  deuso,  because  it  is  in  a  eon- 
Iraeted  condition  by  reason  of  the  low  temperature,  and 
therefore  a  greater  weight  is  iucluded  under  a  given 
I'ohime;  in  the  latter,  the  reverse  is  tho  case.  Tho  in- 
flucuco  of  Eiicb  changes  in  the  bulk  of  the  nir  is  well 
seen  in  the  luca  Indians,  who  inhabit  the  elevated  |tla- 
tcans  near  the  city  of  La  Paz,  iu  Soulb  America.  Tho 
size  of  their  bodies  is  much  greater  than  that  of  average 
men  ;  &ud,  on  exiimination,  this  is  found  to  be  due  to 
increase  in  iLe  size  of  the  cbest,  caused  by  the  larger 
lungs  that  they  require  in  order  to  secure  an  equal 
amount  of  oxygen. 

As  tbo  ex]}aiision  of  atmoRpheric  air  takes  place  with 
FOgiilarity  when  iIib  temperature  rises,  it  is  BOmetimes 
employed  to  measure  temperature.  The 
air-tbormometer,  called  also  Sanctorio's 
tbermoraeler,  but  which  was  invented  by 
Galileo  about  1603,  consists  of  a  tube  of 
glass,  10,  tcrmiciitcd  at  its  upper  end 
by  a  bulb,  a.  The  other  end  of  the  tube, 
being  open,  dips  beneath  tho  stirEice  of 
sonic  colored  water  iu  a  cup  or  reservoir, 
e,  which  serves  also  as  a  foot  or  eappoi't 
to  the  instrument.  The  bulb  and  pai-C  of 
the  tube  are  full  of  air;  the  remainder  of 
the  tube  ia  oceupied  by  the  colored  water, 
whleli,liy  its  movemeota  up  and  down,  indicates  dinii- 
ges  of  vfthinie  in  the  indmled  air.  To  the  side  of  the 
tube  a  scale  of  divisions,  A,  is  aftixefl.    The  tube  is  not 

Why  doM  tha  wtigJit  of  nir  in  a  ftivcn  measure  vftry  in  ijlfferent 
placpB?  Whiil  is  tlm  pGculinrity  of  tho  Inca  IiMlinfia  ?  Describe 
Sanutoriu's  lliermomcter.    Wiio  wns  roully  ita  inventor? 


ftn-argcd  tightly  in  tlic  rGSGi-voii-,l)iit  there  is  a  free  pas- 
sage t'ov  tlic  air  iu  auJ  out  of  that  jinrt  of  the  instru- 
ment. On  touching  the  ball  with  the  fingers,  llie  air 
within  it  hecomes  ■warm,  diiatesj  and  depresses  tha  li- 
'<|Uiil  iu  tho  tube;  or,  on  touching  with  any  coM  body, 
it  contracts;,  and  the  liqiiitl  rises. 

TliiB  form  of  tlicrmomeler  is  liablo  to  n.  difliculty 
j^iVj.ii.  ■wliieli  rcudera  it  impossihie  to  rely 

upon  ita  indications,  except  under  par- 
ticidar  circiimBtancea.  It,  is  aSected 
by  varlatlona  of  atmospheric  pressure, 
as  well  as  by  changes  of  heat.  To 
prove  that  this  is  the  cage,  place  soeh 
a  thermometer  under  the  receiver  of 
an  air-pump,  as  ehoM-n  \n.Fig.  11.  On 
produciiio;  tho  sUghtest  Pi„.vi. 
degree  ot  rarefaction,  the  ✓'"N 
liquid  in  the  tube  is  in- 1  J 
Btautly  depressed,  aud  on 
restoi'lng  the  jire&snre  of  the  air  it  returns 
to  its  original  position. 

This  difficulty  is  avoided  by  a  change  m 
the  form  of  the  instrument,  by  which  at- 
mospheric pvofisuve  is  nltogether  avoided. 
A  tube,  bent  as  in  JPig.  19,  has  a  bulb 
blown  on  Ciich  extremity.  Tiie  bulbs  and 
tube  are  filled  with  air,  except  where 
there  is  a  column  of  colored  liquid  that 
servea  as  an  indes,  and  whose  movements 
are  measured  by  the  aid  of  a  scale,  Tliis, 
the  differential  thermometer,  is  eo  called 
because  it  only  indicates  the  diffcrenco  in 
temperature  between  tho  two  bulbs,  and 
not  their  actual  warmth,  "When  both 
bulbs  arc  heated,  the  liquid  index  is  equal- 
ly pressed  on  both  eidos,  and  docB  not 
move,  and  the  same  when  both  are  cooled. 
By  inserting  a  tight  instead  of  n  loose 
stopper  at  c,  10,  that  instrument  also  becomes  a. 
differential  thermometer, 

Dcsotibe  tho  acliun  of  SanciuTu/s  themioniOlef.  Wiiat  \i  the  Jif- 
ficultj  with  this  thermometer?  How  niay  the  effect  of  presBnro  on 
u  to  shown?  IIoiv  is  ihis  liifBcnlly  QToidedf  Desortbe  tlio  Jifteran- 
liol  lEierniometcr  imd  lla  mmln  of  action, 
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Diffei'Diit  liquids  expand  difforenlly  for  tho  snme  Iher- 
raoraetrlc  disturbatace.  Tliia  ia  Fij.iS. 
easily  shown  by  aa  apparatus, 
as  in  Mff.  13,  in  wbich  wo  liavo 
two  tubes,  a  b,  wilh  bulbs  on 
their  ends,  dipping  into  a  large 
veascjl.  Tho  tubes  and  bnlbs 
Bhoulil  be  of  the  sareie  size,  and 
iilled  with  the  liquids  to  "bo 
tried  to  the  same  height.  To 
c-nch  ft  scale  is  annexed.  Let 
one,  c,  lie  filled  with  alcohol, 
and  the  otter,  b,  with  meTfliiTy  ;  on  pouring  hot  water 
into  the  vessel  two  pbenpmena  are  witnessed  :  Ist.  BotU 
liqnida  expand  ;  2d.  They  lexpaiul  inicqiially  when  com- 
pared togeth-er,  the  mercury  expanding  least. 

On  being  heated  from  the  IV^iezing  to  the  boiling 
point  of  water,  liquids  expand  as  follows : 


S^pansion  of  Zi quids. 


At 

At  ais". 

1,(W(I,01KI  parts  tif  Mercury  beitome 
"           "  Wnter 
ij            >i      Oil  " 
"      Alcoliol  " 

1,030,001* 

1,1 11, wo 

I  in  uQ 
1  in  21.3 
1  b  I2.r. 
I  ill  n 

The  moat  volatile  liquids  are  the  most  expnusible. 
Tiiia  is  shown  by  those  which  have  nrison  from  the  con- 
densation of  gases,  as  cyanogen,  Bulphorons  ncid,  and 
especially  carbonic  acid.  The  latter,  warmed  from  32° 
to  86°,  expaods  four  times  as  much  as  ntniosphenc  air. 

Ia  liquids  of  analogous  chemical  constitution  the  ex- 
pansion ia  nearly  the  same,  if  the  comparison  is  made, 
not  at  the  same  temperatnve,  but  at  corresponding  tem- 
peratures; that  is,  at  equal  diatancea  from  the  boiling 
point.  If  the  same  precaution  is  adopted,  many  dissim- 
ilar liquids  present  Close  resemblances. 

Unlike  gases,  all  liquids  expand  irregularly  as  tEieir 
temperature  rises,  a  given  amount  of  heat  producing  a 
nuich  greater  effect  nt  a  high  than  at  a  low  tompcra- 

IIow  mny  it  l)e  provoJ  that  ilifTerent  liijuiiJa  expand  diScrenilif  ? 
What  IS  iho  rfito  of  expnnsion  of  mercitrj?  wntEr?  oil?  and  alco- 
hol? What  kind  of  liquiila  are  tho  most  expanaibJc?  Whitt  is  the 
relation  of  expansion  l:>DtweeQ  liquids  of  eaalogtiuB  compoeitionF 
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Fig.  Ifr. 


tnro.  Ten  degrees  of  heat  applied  to  a  given  liqnid  at 
200"  will  prodiico  a.  greater  expansion  than  if  applied 
at  1&0°.  The  rciison  apfneai-B  to  be  that,  as  a  liquid  di- 
lates, its  cohesive  force  liecoiraes  leas,  because  ita  pnrti- 
oles  avc  being  removed  farther  from  each  otber;  and  a3 
the  cohesive  force  wcakensi  ita  autagonisLic  power,  heat, 
produeos  a  greater  efieet. 

Advantage  is  taken  of  the  properties  of  liquids  in  the 
FiV-i*-  making  of ihermometera,  Forlheso  purposes 
alcohol  and  mercury  are  the  fluids  selected. 
The  mercurial  thermgmqter,  -^i^- 14,  COOeistB 
of  a  fiuo  capillary  tube  of  a  lenticular  eeclion, 
n  itli  a  bulb  blown  at  one  end.  The  bnlb  and 
part  of  the  tube  are  to  be  tilled  with  quicksil- 
ver, and  the  air  expelled  from  the  rest  of  the 
tube  by  warming  the  bulb  lujtil  the  metal  rises 
by  expansion  to  the  top  of  the  tube,  aud  at 
that  moment  horraeticaily  sealing  the  glasa  by 
melting  the  end  of 
it  with  a  blow- 
pipe. Aa  tho  ther- 
mometer coolB,tlie 
mercury  retreats 
from  the  top  of  the 
lube,  and  leaves  a 
vacuum  above  it. 

It  remains  now 
to  annex  euch  a 
pcalo  to  the  instru- 
ment as  may  maka 
its  indications  comparable 
with  other  instrumeolEi.  To 
effeot  this,  the  thermometer 
is  plimged  into  a  vessel  con- 
taining melting  ice  or  snow, 
and  opposite  the  point  at 
which  the  quicksilver  stands 
is  marked  32°.  It  is  then 
transferred  to  another  vea- 
Bcl,  Fiff.  15,  in  wliieh  water  is  rapidly  boiling,  and  In 

Do  liquids  Gxpand  with  raguloritj'  ?  What  Ilquida  nra  ueciI  for 
thennomaters?  Describe  the  mcr-cii  rial  therrnQm^ler  and  th>i;  metlio4 
ofiuftkingii.  How  isihoicnleaiijua-tcii?  WhatpoinlismarkcdSS^? 
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which  it  is  siirroiitidcd  on  all  sides  by  steam,  and  the 
point  opposilG  \i'bich  tlio  mercury  then  Btanda  is  ijiai'kud 
212°.    Tlie  iiitervetiing  space  is  divided  nvi.m 
into  180  equiil  jiarts;  these  ore  degi'ees,    n  c 
find  fiimilav  divisions  oyr  made  ia  the  bcqIg 
for  all  points  above  212°  and  below  32°. 
The  zero  point,  or  cipher,  ia  therefore  32 
dciireaa  Ijfelow  the  frutziiig  point  of  ivStcr. 

it  has  been  observed  that,  ia  the  oourec 
of  time,  the  fixed  points  of  Bome  ther- 
mometera  change.     Tljia  is  due  to  tlip  k^g 
pressure  oftlie  air  acting  on  the  bulb,  the 
tliin  glass  of  which  yields  to  a  certain  ex-  (ffo 
tent,  andtbo  hqiiid  consequently  rises  in 
the  tube.   The  satae  effect  vriW  often  take  |^ 
place  iuBtantaneously  "by  exposing  a  ther- 
mometer to  a  high  lempcrature.    It  is 
therefore  mecesHary  1o  verify,  fiom  time 
to  time,  the  graduations  of  these  instru- 
ments. 

The  zero  point  of  the  thennometer  scale 
13  not  to  bo  rc.£jardcd  as  iiidieating  the  to-  [|20 
tn!  absence  of  heat.  Observations  have 
been  made  in  cold  climntea  of  degrees  50" 
below  zero,  and  by  the  fiid  of  liquefied 
protoxide  of  nitrotjen  and  bisulphide  of 
carhoa,  —  220°  baa  been  reached. 

The  Florentine  acadGmicians,  -who  irt- 
troducecl  the  limiid  thermometer,  em- 
ployed an  arbitrary  Bcale,  merely  dividing 
tho  tnlje  into  a  nuinbwr  of  equal  parts. 
Celsius,  a  Swede,  proposed  tho  melting 
point  of  ice  and  tho  boiUng  point  of  water 
aa  standard  fixed  points,  tho  interval  being 
divided  into  a-  certain  number  of  (larts. 
Unfortunately  this  interval  ig  by  diflbront 
nations  differently  divided  :  in  Anievicn 
aniEngiaud,  Fahrenheit's  scale,  described  jq 
above,  is  used;  in  Franco,  and  on  the 
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Whnl  point  on  the  thermometer  is  ftiipked  212°?  IIoit  ia  Hie 
space  Lelwcen  32"  nad  312^  divided?  What  change  may  occiir  in 
tliennondttofBr'  What  la  mejiiit  hj  the  ncro?  What  is  tho  lowest 
temjjeraluTB  j-ot  readied  ?  Who  pi  opo?ed  (lio  ilaiidnrd  Used  p9irvf8! 


Continent  generally,  IIig  Centigi'ado  ecale  is  preferred. 
It  marks  tlio  melting  jioiDt  of  ice  as  0°,  and  tlie  lioiiing- 
of  water  100".  la  licrraany  and  Iluasia  ilGinimur'& 
scfllo  is  employed ;  it  has  the  same  zero  as  the  Centi- 
grade, but  the  toiling  of  water  iia  marked  S0°,  It  is  ea- 
scnlial,  therefore,  in  speaking  of  therraometric  degrees, 
to  state  Tvh^t  scale  is  meant,  and  this  is  accomplished 
by  putting  tlio  letter  P,  or  C,  or  R  af^cr  the  specified 
degree.  In  this  book  the  rabrcnbeit  division  ia  always 
used,  except  in  a  few  cases,  Iti  M^.  16  the  thfee  ecalea 
are,  for  the  sako  of  comparison,  represented  side  by 
side. 


LECTURE  T. 

EiPANsios-  OF  Liquids  ash  Solids. — Importance  of 
the  Thermometer. — Aduantages  of  Quieksileer  and 
Akohol. — Mctximum  Dmsitij  of  Water  and  of  other 
Xiquids. —  Connection  with  the  Duration  of  the  Sea- 
sons. ~ —  Qroiind  Ice. — J<l!xpa>iaion  of  Solids.  —  27ie 
pyrometer. — Fbrce  of  MetaMio  Ecpaiision  and  Gonr 
traction.— Its  Use  in  the  Arts. 

As  all  measureg  of  space  and  time  are  affected  by  va- 
riations of  temperature,  the  thermometer,  which  determ- 
ijies  those  variatfous,  must  iieccBaarily  be  one  of  thn 
fundamental  instnimauta  of  physical  science.  If  wa 
state  that  a  given  object  ia  a  loot  long,  we  must  specify 
the  temperature  at  which  the  measure  was  taken,  for 
at  a  lower  teraperatare  it  will  be  lege,  and  at  a  higher 
more  than  a  [oat.  la  constructing  bridges,  etc.,  where 
long  masses  of  iron  arc  used,  provision  must  be  made 
for  espansion  by  diurnal  and  seasonal  variations  of  heat. 
Each  tube  of  the  Britannia  Eritlge  across  the  Menai 
Straits  ia  liable  in  the  course  of  the  day  to  change  three 
inches  ia  length. 

Quicksilver  is,  for  several  reasons,  eminently  fitted  to 
be  a  tbermometric  flnid.    lat.  It  can  be  easily  obtained 

Describo  the  Fahrenheit,  CcnCigrude,  And  Heiiamai  srales.  How 
ant  llifiy  distingiiiBUed  from  ono  another  in  writine'i'  What  scnlo 
is  used  in  tliia  book?  What  eftfect  does  tcmperalurp  have  on  me.ia- 
nrei3  of  apnce  iLnt!  time  ?  Why  ia  quickiiilvGir  Buitable  for  lunkiug 
the.rnnoiooti!rB  ? 
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of  standard  purity.  2d.  It  eipanda  with  greater  regii- 
lai-ity  lliSn  most  Uqui<i8,  ami,  iv-lien  in  a  glasa  bulb,  the 
irregular  expansiou  of  the  glass  almost  exactly  compen- 
sates the  irregularity  of  the  mercury,  aud  hence  tho 
true  teniperatui-e  is  aocurately  indicated.  The  total 
expansion  of  mercury,  between  32'^  aud  212*,  is  1  part 
in  55.08 ;  between  21 2°  and  392°,  1  in  54.61 ;  bctAvcen 
ass**  and  5T2",  1  in  64.01.  3d.  The  range  of  temparn- 
tiire  between  boiling  and  eolkliticatioii  is  from  t>62° 
to  — 39°,  about  seven  hundred  degrees.  4tli.  It  does 
not  6oil  or  wet  the  tube  ia  which  it  is  contained,  for  it 
does  not  adhere  to  glass,  as  water  or  other  tluida  would 
do.  5th.  It  is  inovD  quickly  nflaeted  hy  a  given  amount 
of  heat  tlinn  water  or  alcohol,  aa  wc  shall  see  when 
speaking  of  the  capacity  of  boiJiea  for  iieat. 

When,  liowever,  temperatures  which  approach  or  are 
below  the  freezinj;  point  of  quicksilver  require  to  ha 
measured,  alcohol  ia  appvopiintely  used,  because  at  the 
lowest  tcitipGrature  yot  reached  it  does  not  solidify.  It 
may  be  tinged  of  any  color  tliat  ia  desirable  to  render 
it  visible. 

If  Bomo  water  at  100°  ie  taken  and  placed  in  n  tggbcI 
in  which  its  changes  of  volome  can  be  observed,  on  re- 
ducing its  temperature  it  will  be  ibund,  under  the  gen- 
eral law,  to  cool  as  it  eontriiets.  Aa  it  passes  through 
tho  various  degrees  down  to  a  point  between  311°  and 
40°,  it  steadily  diminishes,  but  below  that  point,  though 
the  cooling  may  progress  at  the  same  rate  na  before,  it 
begins  lo  expand,  and  contiones  to  do  eo  KnliJ  it  reaches 
32°,  when  it  freezes.  Tho  same  fact  is  demonstrated 
on  warming  water  at  32°:  it  contracts  till  39°  is  reached, 
and  then  expands. 

It  is  obvious,  therefore,  if  wo  take  water  at  39°,  that 
it  makes  no  diU'ereiice  whether  it  bo  wanned  or  cooled, 
it  will  expand.  The  liquid  occupies  at  that  temperature 
the  smallest  bulk,  and  is  .at  ita  greatest  density,  for  nei- 
ther by  cooling  nor  warming  can  we  reduce  ita  dimen- 
sions. This  point  is  designated  "  77ie  point  of  maxi- 
mum density  of  trater." 

Ifi  iia  cMpaiifiion  rspiuki' ?  "When  mngt  flkohol  be  n?eil  in  themiom- 
elers?  Wliuc  peuuliarities  does  water  exhibit  in  cooling  to  33°? 
Wbnb  ia  observed  on  wnrniing  ic  from  33°?  Wliiil  is  tho  point  of 
masirauni  Jeusily  of  waler? 


Many  other  litjuidB  liave  pointfl  of  moximuni  density, 
wliieh  are  readiud  before  Kolidifyirg.  lo  iho  act  of 
tarning  into  a  aoliil,  water  uiiJergoea  a  very  great  dila- 
tation,  equal  to  ^ih  of  its  volume,  and  hence  ice  will 
float  or  water.  Several  melted  metals  exhibit  tlie  same 
phenomenon,  and  advamlai^e  is  taken  of  the  fact  ia  ihc 
arts.  The  alloy  of  wLich  types  arc  formed,  or  stfreo- 
typii  plates  east,  in  the  act  of  eolldifyiug  expands,  and 
forces  itself  into  every  part  of  the  mould  into  which  it 
may  he  poured,  copying  it  perfectly;  the  same  is  trne 
of  cast  iron.  But  it  ia  impossible  to  make  good  cast- 
ings -tt  ith  lead,  which  contracts  as  it  solidifies,  and  either 
separates  from  tha  mould,  or  leaYes  vacant  spfices  in  it. 

The  fact  that  water  possesses  a  point  of  maxirniiDi 
density  is  connected  to  a  gi'eat  exleol  with  several  re- 
markable natural  phenomena.  The  freezing  of  n'uter 
on  the  surface  is  one  of  these  rcsnUs.  If  the  water  con- 
tracted as  it  cooled,  the  colder  portions  would  deseeut), 
and  still  water  wonld  eommenco  to  freeze  at  the  bottom 
first,  the  solidiflcotiou  extending  gradually  upward. 
Collections  of  water  would,  during  tlic  course  of  a  win- 
ter, become  solid  mosse'S  of  ice,  and  Avould  greatly  re- 
tard the  apptoaeh  of  spring,  from  the  length  of  lime 
they  Avould  requue  for  thawing  throngli  the  non-con- 
ducting water  above.  But,  as  things  are  now  sinMiigcd, 
the  coldest  water  is  the  lightest;  it  floats  on  the  w.iim 
water  below;  solidification  takes  place  only  on  the  sur- 
t'aee,  and  the  layer  of  iee  that  forms  protects  the  wntei- 
below  from  farther  refrigeration.  When  the  AViirni 
weather  of  spring  comes  on,  the  ice  on  the  Burthce  is  in 
the  most  favorable  poeition  for  melting,  and  thus  the 
point,  of  niax5mun>  density  of  water  comes  to  he  con- 
nected with  tlte  tlnration  of  the  seasons. 

Under  certain  circutn stances,  ice,  which  is  then  called 
ground  or  anchor  ice,  does  forni  nt  the  bottom  of  wa- 
ter instead  of  on  the  suiface.  In  elear,  rapid,  roety 
streams,  the  turbulence  of  the  current  oauaea  the  whole 
mass  of  water  to  become  so  utiifomily  mixed  that  there 
is  no  expanded  cold  layer  floating  on  the  top  when  ths 

Hnvcolhpt  liquids  pnima  of  maximum  dersilp?  Give  esuniples, 
Whnl  lina  Ilie  maximum  density  of  wnfer  to  do  with  Ihe  ^eiisons? 
Esplain  wliat  occurs  in  tW  Freezing  of  yalcr.  What  ia  ground  or 
anchor  ire  ? 
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fi-eczfug  i>olnt  Is  attaineil.  As  radiation  proceeds  fj-oni 
lEiQ  planla  and  rocks  at  the  bottom  of  the  stream,  ieo 
oooimences  to  form  on  thoir  irregular  surfaces  in  B.pongy 
masaeg,  occasionally  ilamiiilng  up  tlie  stream.  Not  lii- 
fi-equeotly  it  floats  to  llie  surface,  bearing  with  it  masses 
of  i-ook. 

When  salt  U  added  to  water,  the  point  of  mnsimum 
density  descends,  until  it  eveiitiiaily  sinks  Mow  the 
freezing  point.  In  (ho  ocean  tho  mass  of  W&tei'  13  so 
great  tbat,  although  the  maximum  dcnait}'  is  below  aa'', 
tlia  winter  doos  not  last  siifflciently  long  to  reduce  tlic 
whole  to  tlio  frozen  condition. 

It  has  ali'eady  been  sliowii  by  tbo  instrument  repre- 
sented in  I'll/.  1  that  solids  dilate  on  being  heated.  Tlie 
same  resnlta  may  be  rendered  apparent  by  tlio  appai'a- 
tua  ^if/.  17,  wiiich  coQsista  of  a  board  haviog  two  vii^ 

Fiij.  II. 


rightB,  between  wiji.li  a  metallic  bur,  iirovidcd  witli  a 
handle,  fits  so  as  to  permit  a  rattliog  noise  Tvhen  it  is 
moved  in  the  direction  of  its  length.  If  tbo  bar  be 
heated  by  pounng  hot  ivater  upon  it,  it  will  dilate  to 
Buch  ail  extent  as  to  be  with  dUhculty  forced  into  place, 
and  will  no  longer  rattle.  Hearing  often  aids  ua  to  de- 
tect intervals  invisible  to  the  eye. 

Tbo  pyrometer,  of  which  we  have  several  varietif.-', 
is  represented  in  JFig.  18.  It  may  serve  to  illustrate  iIju 
taet  that  solid  snbstances  expand  by  heat.  It  conBists 
essentially  of  a  metallic  \>ax,aa,  resting  at  one  end  againi>t 
an  immovable  prop,  e;  the  other  end  bearing  upon  a 
lever,  b.  The  extreniity  of  this  lever  presses  upon  a 
second  lever,  c,  which  also  eervea  aa  an  index.  Upon 

Explain  ile  furiuatioa.  What  ctfcctbas  the  adUltion  of  snit  to 
water  on  ilie  point  of  maximum  density?  Explain  Fig.  17.  What 
fact  does  it  illuBtrate?  What  Is  tlie  use  of  pyrumeii'i§?  Exjiloiu 
the  Mnfltmction  of  Fig.  18.    Describe  its  oclion. 
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oxpands,  and 
llie  pressure,  tak- 
ing effect  on  the  lever,  puts  it  in  motion,  tlie  index  trav- 
ei'sing  over  the  scale.  On  removing  tbo  lamps  the  bat 
cotitractn,  and  itio  epriiig,  pressing  the  Icvor  in  the  op- 
posite direction  as  soon  as  the  "bar  ia  cold,  brings  tlie 
inder  back  to  tha  original  point. 

The  force  with  M-hich  euch  expansions  take  place  ia 
eDormous,  being  equal  in  amount  to  that  winch  would 
be  required  to  elongate  or  compress  the  matcriai  to  tlio 
Bame  extent  by  mechanical  means.  For  a  variation  of 
80°  as  between  the  cold  of  winter  .ind  lieat  of  sumraer, ; 
TVTOHght-iron  bar  10  inches  loog  will  vaiy  in  leogth 
of  an  inch,  and  wiU  exert  a  strain  equal  to  SO  tons 
on  tho  Bquarc  inch.  This  property  ia  useful  in  the  arts, 
■where  bands  of  iron  are  sLrunlc  on  wheele,  cannon,  etc. 
BGing  made  somewhat  too  small  to  fit  wtien  cold,  on 
heating  ihey  expand  enough  to  be  slipped  on,  and  "when 
cooled  adhere  tightly,  For  tbo  eamo  reason,  boiler  riv- 
ets are  made  red'hot. 

IIdw  maeli  force  ia  rcqQircd  to  Expttndtt  meiftl  har  ?   How  ranch 
dtwa  n  hat  10  inches  long  exjiand  for  il  Iflmpcmtura  cf  80"  7  01' 
bat  asa  is  this  fact  in  the  arts? 
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LECTURE  Vr. 

Expansion  of  Solids. — Then  regain  tJmr  Size  on  cool- 
hijj. — Th&!/  expand  inermsiii<jli/, — Different  Exprm- 
etOJi-  of' various  Solufs. — I7ie  f^ridirvn  Pmdvitim.— 
Table  of  £^panmuiis.  —  Expaiisiun  of  cri/siulli^ed 
Carbonate  of  Lune.  —  Solid  Thcrmonieterif.  —  lim- 
guci's  Tfiermomekr.  —  J>anieU's  P-yromeCer.  -  The 
Thermometer  indicates  ZnteneUy  of  Heat. 

It  is  very  commonly  supposed  iJiat  when  solitl  bodies 
havo  beoii  lie.itcd  tliey  Jo  not  rotum  rigiilly  to  llieii' 
former  dimensiona  on  cooling,  Uiit  a  faiv  facta  dispose 
of  this  supposition.  A  bar  of  metal  exposed  to  tho 
weather  ia  subjected  to  continual  vai-iationa  of  temper- 
atui'ij,  warming  anil  c:(panding  ivheu  tlie  sun  shines  on 
it,  cooling  and  contracting  at  night.  If  it  did  not  conie 
back  to  its  original  size  exactly,  it  would  be  eeen  to 
fjTow,  and  in  tlie  course  of  time  it  would  bo  uuicli  Jarger. 
Tlie  iron  railings  around  public  parks  and  Bqunrcg  never 
increase  and  become  too  large  for  their  pitiiationa.  Sol- 
id?, therefore,  oti  cooling  from  a  warmed  state,  regain 
tliG  noriual  size.  Lead,  however,  offers  an  exception  ; 
for,  on  account  of  its  softness,  a  leaden  pipe  nsed  for 
conveying  steam  ivill  in  a  short  time  become  perhaps 
several  inohea  looger  than  at  first.  Leaden  floorings  of 
hot-water  sinka,  also,  cro  thrown  into  ridgea  and  puck- 
ers. 

By  linear  dilatation  is  meant  increase  in  one  dinieu- 
sion,  as  in  lengthy  by  ciibSo  dilatation,  increase  in  all 
tfiree  (liracDsion8,lengtli, bread  lb,  and  thickness.  Know- 
ing the  amonnt  of  Uncar  dilatation,  the  cubic  dilatation 
is  found  nearly  enough  by  multiplying  by  3. 

Solids  expand  increasingly  as  their  temperature  rises, 
in  that  respect  resembhng  li^jnids,  and,  for  the  same 
reason,  a  diminution  of  the  cohesive  force,  because  of 
the  increased  separation  of  the  atoms.    Compared  one 

Do  solidg  regain  tlieir  sizt  on  coding?  What  is  ihe  reaaon  Lliat 
lead  in  nn  esccpiioa  to  the  rulo?  What  ia  nioant  liy  linear  dilata- 
ti«D?  WliAtby  cubic  dilatation?  Do  jolids  «Kp&Qd  nuh  uaitbnoi- 
ity? 
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ivitli  anotber,  their  rate  of  espanaion  is  very  different, 
a  fact  eliown  esfierl mentally  hj  rivetiijg  logellier  two 
rVff.iD.  bars,  oug  of  iron,  a  a,  and  one 

^  .    .  .  ^       of  brass,  h  h,  as  iu  lAg.  19.  At 

I  ordinarytemperatureatheconi- 
pound  bar  is  Gtraiglit,  but  if 
frf  Iiot  water  be  poured  on  it,  it 
curves  ns  at  «  c,  the  brasa  be- 
ing on  lilt;  ouiside;  wliile,  if  eoolel  below  tho  original 
])oint,  the  curvature  is  in  the  other  diretition,  as  at  b  (/, 
ibe  brass  being  on  the  inside.  These  clianges  are  due 
to  the  fact  that  brass  expands  and  contracts  more  for  a 
given  distuvbance  of  temperature  than  iron. 

By  the  aid  of  proper  metallic  combinations,  a  bar  can 
bo  conatructc'l  thflt  will  ahVftyS  reiTinin  of  the  r-aiDo 
length,  regardless  of  the  temperature.  The  jiridiron 
pendulum  is  made  up  of  two  bars  of  brass  and  three  of 
iron.  The  expansions  being  in  contrary  directions,  and 
the  IcDg'ths  being  accurately  proportioned  to  the  ratio 
of  expansion,  the  ball,  or  bob,  rGm.ain8  at  a  constant  dis- 
tance from  the  point  of  support,  and  tha  time  of  vibra- 
tion of  the  pendulum  does  not  alter. 

The  following  tnblo  exhibits  the  expansion  in  length 
of  various  substiuiccs,  when  heated  from  the  freezing  to 
tha  boiling  point  of  water; 


Eiiglish  Flint  GInaa... 
Gliiss  tuTjo  (Fi'cndO.- 

riatir  iim  

Piillinlinm  

1  in  1248 
I  in  lUS 
1  in  1131 
1  in  1000 
1  in  D2(f 
1  in  !)23 
1  in  84G 
I  in  718 

Gold 
Copper... 

Briiss  

Silver.... 
Tin 

1  in  mi 
1  in  .')82 

1  in  m\ 

1  in  E3t 
1  in  r>  1 1; 

1  in  3.U 
I  in  310 

lee  ia  much  more  expansible  than  the  metals,  sur- 
passing even  Kinc.  Glass  and  platinum  may  be  fused 
together  without  parting  as  they  cool,  for  tbeir  rates  of 
expansion  ave  nearly  alike.  The  process  of  cutting 
glass  with  a  hot  iron  depends  on  unequal  expansion. 

T)o  all  solids  expnnii  alike?  Dpscribo  ihR  compound  bar  and  ils 
nctioji.  ■\Vhnt  ia  the  tnnatr notion  of  (ha  priiiiran  ]ioiidiilum  7  Dc. 
scribe  its  action.  Whnt  is  thii  tnUe  iTiIcnili?(l  lo  illHBlnii.e?  What 
in  the  Binouni  of  ex|iansiun  of  ire?  Wliy  ivin  gliis  ftud  plMiniim 
be  fuBcd  toeeibcr  without  separating  on  Kooling  ? 
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Riipcrt'a  iii'ops  avB  tear-sLnped  portions  of  glass,  wliicli 
havebeeu  formed  by  dropping  tbat  snbstauce  while  hot 
into  ivater.  Tlie  Csterioi'  being  suddenly  cooled,  while 
tie  iuterior  is  yet  fluid,  is  subjected  to  a  great  sLraiti. 
If  the  lip  eiid  of  tlie  tail  be  Lrokeo  off,  the  iviiolo  drop 
flies  into  powder. 

Though  a  aolid  is  usually  regarded  as  c:cpaiiding 
equally  in  all  directions,  this  is  not  always  tlie  case. 
Tliose  crystals  which  possess  the  property  of  doable  re- 
fraction, aud  Id  which  all  the  sides  aud  anglra  arc  not 
aliljG,  ehiiDge  their  s.hRpe  when  heated.  In  a  crystal  of 
calcareous  spar  the  ohtuso  angles  become  more  acute, 
and  the  inclination  of  tliK  faces  to  each  other  is  made 
SY  loss  by  an  elevation  from  32°  to  212^  The  crystal 
elongates  most  in  tUe  direction  of  tlic  optic  axis,  and 
contracts  in  directions  at  right  angles.  The  general 
bulk,  however,  increases  about  1  part  in  510  for  the 
above  warming, 

Somo  metallic  bodies  have  points  of  maximura  densi- 
ty in  the  soUd  state,  lioso's  fusiblo  metal,  a  compound 
of  lead,  bismuth,  and  tin,  when  heated  from  32°  to  111°, 
expands,  hut  after  that  contracts,  and  continues  to  do 
BO  till  156^,  at  which  tempei'atnre  it  is  less  than  at  32°. 
After  that  it  again  expands,  nnd  continues  to  do  SO  until 
it  melts  at  about  201°. 

Liquid  thermometers  can  not  measure  the  liigliest 
degrees  of  temperature,  beciiuso  tlic  Viipoiizfilion  of  their 
contents  would  cause  tlieir  destruction.  For  this  reasou, 
the  expansion  of  one  of  the  more  infiisihle  solids,  as,  for 
Bsaniple,  platinum,  must  be  need,  and  some  contrivance 
Biniilar  to  Fii/.IS  employed.  The  difficulty  with  such 
apparatus  ia  that  the  es^ianalou  of  a  short  bar  of  metal 
is  so  minute  that  some  meana  of  magnifying  the  eilett 
i3  necessary,  and  at  once  irregidarity  is  introduced  by 
wheel-worl;  and  frieticm  of  levers.  A  compound  strip 
of  metal  ia  free  from  these  difficulties,  and  will,  if  long 
enough,  indieate  teniperatwrea  wilh  great  precision. 
Breguet's  thermometer  consists  of  a  delicate  slip  of 

"Whnt  lire  Rrpcrl's.  dro]a?  Do  Pulida  espnnd  cunaJlj  in  oil  lii- 
rcctions?  Dcscribo  (lie  offL'ct  nf  hciil  on  cnlcavpous  i|iHr,  Statu 
the  peculinrilies  of  fii-sihlR  Tnctnl  when  lipiuai.  Fi)r  wlint  pnrpDwa 
are  liiiuiil  cherrnijtneteca  ioapplicnble  ?  What  is.  the  difficultj  Willi 
BoliA  tliertQoniQters  ? 
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PiiT.  90,  platinmn  soldered  with  gold  to  one 

of  Hilver,  ami  curved  iuto  the  form 
of  a  spiral,  a  6,  ^'g.  20.  It  is  fast- 
ened at  its  upper  end  to  a  melalljc 
support,  c  c,  and  fi'om  its  lower  end 
□II  iudex  projects,  wliieb  plays  over 
a  graduated  circle.  Aa  silver  ex- 
pands twiuG  as  much  ns  platiuum, 
wlicn  the  tcmpGratuvG  rises,  curva- 
ture, with  motiou  of  the  index, 
takes  plnce  ;  when  it  falls,  motion  iti  the  opposite  direc- 
tion vesulta.  The  principleiBtlie  ifiamG  ns  that  described 
in  the  case  of  the  compound  bar,  Fir/.  19,  Tiila  ther- 
monieter  is  exceedingly  vapid  in  its  indications, because 
the  iiiftss  of  the  spicalis  so  (^mall,  as  conipai'ed  with  the 
mercury  iu  tlic  bulb  of  a  iheriuo meter.  By  breathing 
upon  it,,  it  will  in  an  instant  rise  to  above  00°. 

For  the  liigbost  temperatures  Daniell's  pyrometer  ia 
eniployed.  It  eonsista  of  a  bar  of  pJntinuin  inclosed  in. 
a  cylinder  of  black-luad  eartlienware.  Wbon  it  ia  heat- 
ed, aa  the  pliitinnm  expands  more  than  the  earlbcnware, 
it  pressea  an  index  forward,  the  index  rem:iii!ii]^  pro- 
trnded  when  the  pyrometer  ia  lalcen  out  uf  the  fire. 
The  amouut  of  protrusion  is  then  measured  by  ti  scale,. 
■«'hich  converts  it  iuto  degrees.  By  its  aid  it  hus  been 
shown  that  brass  melts  at  1863°,  Bilver  at  1873°,  eopper 
at  ]S90°,  gold  at  2200°,  nod  cast-iron  at  2186°.  Tha 
biphest  lieat  of  a  wiud-furnaee  is  32S0°. 

Tlic  ihormomcter  does  not  in  reality  tnensiirc  the 
nmouiit  of  heal  in  a  body.  If  inimerscd  !n  a.  qlass  and 
!i  bucketful  of  tlie  same  ivcll-watcr,  it  stands  at  the 
sanio  point,  but  of  courec  there  ia  much  more  heat  in 
the  latter.  Tt  measures  the  intensity,  lliiit  is,  the  c|unu- 
tity  contained  in  a  splice  equal  in  volume  lo  the  mereu- 
ry  in  the  instrument  itself.  Besides  thia,  thtingh  it  iiiay 
stand  at  the  same  heiyht  iu  the  pame  amount  of  two 
liquids,  it  does  not  follow  that  they  eonlain  the  sauio 
absolute  quantity  of  heat,  as  we  shall  see  in  tho  next 
lecture, 

DuicrilK;  Bi'egusi''&  llicrmomcltjr,  Fi'ir.  20.  Give  nii  ill  list  ruiion. 
pf  ill  nensiiiveness.  Rinte  rbc  renson  for  i(.  What  is  Ihc  cimsirtiCT 
lion  of  Dnnioll's  pjTometrrT  Give  the  milling  points  rf  lirnss,  sil- 
ver, eopper,  gold,  iron.    Wlmt  does  ilio  iliorincimotcr  inilieate? 


SrBCIFIC  HEAT  OT  BODIES, 
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LECTtmE  VU. 

Specific  Heat  of  Bodies. — Methods  of  Oalortmetry. — 
Warm  in  <j ,  -^Mdt  i>ig.  —  Go  olivrf. — Mixt  nrc— •Spec  ifia 
Heat  ofvurious  bodies.— J-Jfi'eet  (p' I^hysical  Co>idi- 
Ciun  on  apeafic  Seat. — Sfaclc'a  Theory  of  CapacUi/ 
/or  Heat.. —  T/ie  Jfynamical  Tlieory.-^  Kumford's 
Hxperim&iit. 

MA^-y  years  ago  it  was  diseoversfl  hy  Eoylo  thfit  if 
two  vessels  of  tLe  same  size  and  form  were  iillcti  ■vvttU 
diffareat  iiqiikls,  and  placed  bt^forc  tlio  iare  so  as  to  re- 
ceive its  liKit  cqiiaUy,  llicir  tompcvatui'e  did  not  riao 
eitflilnrly.  If  one  waa  filleJ  willi  WMler  aud  the  oilier 
ivilli  qiiii;kaiiver,  tlie  lemporaUire  of  the  latter  wniilil 
rise  much  mora  vapidly  tlian  tliat  of  this  former.  The 
eame  quantity  of  beat  will  raise  thu  tcrajieratnre  of  mer- 
cury twice  as  high  as  that  of  an  equal  volume  of  water. 

From  a  seriea  of  sitiiilar  experiments  it  Las  been 
pi-oved  that  diff'Qreiit  bodies  require  diff&-ent  amounts 
oflicat  to  -warm  them  cqiialbj. 

C  AL  OniMETKY . 

There  are  sBveral  difTerent  niethoda  by  which  tlie 
specific  Iieat  of  abody  niiiy  be  deter  mined,  snoli  as,  Ist, 
by  Tvarming;  2d,  by  meltiog;  3d,  by  cooling;  4lh,  by 
mixture. 

The  Urat  is  tba6  just  mentioticd  as  the  experiment  of 
Boyle,  and  consiata  in  exposing  tlio  Baioe  weight  of  the 
substances  to  be  tried  to  a  nnit'orm  source  of  heat,  as, 
for  esa.raji!e,  a  bath  of  hot  water,  and  observing  liow 
bigh  ihe  tenipeTatiire  rises  iu  a  given  time.  It  will  be 
found  that  it  takoa  thirty  limes  as  long  to  ivavm  M'aLer 
as  mercury,  and  bonce  tho  specific  lieat  of  water  is  thir- 
ty times  greater. 


"Wliat  wna  Boylo'a  discovory?  When  two  vcaspls  aro  filled,  one 
willi  mercury,  llic  other  with  wnler,  which  warms  most  rapidly? 

IVhat  is  the  comparniive  elJecl  of  the  same  qimnrity  oFhcaC  on  ivn- 
ler  and  meitciry  ?  IVhni  Ium  been  proteil  to  be  the  Imv  of  warming? 
What  meihoda  am  thnro  of  dcierniining  tho  specific  heat  of  bodies  'i 
Deacrilto  Llie  mfilliod  of  IJoylc. 
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Tlie  fiecontl  (ivocese  is  accomplislied  by  tlie  ni(3  oftlie 
calorimeter,  tlic  principle  of  wLicL 
13  illustmeii  iu  Mp.  21.  A  solid 
block  oi'ioe,  a  a,  is  taken,  and  in  it 
1  cavity,  6,  is  made,  Uic  moiilh  of 
wh'icli  may  be  covered  wttb  a  slalj 
oi'  ice,  c  c.  To  dctcniibti  t!ie  I'ela- 
livo  Bpecificheata  ofwalGr  and  mer- 
cury, take  a  flask,  c?,  and  place  iii  it 
ail  oimco  weight  of  -wutcr,  and,  by 
immersing  the  ilafjk  'm  a  ball:  of  hot  water,  raise  its 
toniperatiire  lo  a  given  point ;  fof  exatnple,  200°.  Tlien 
placG  it  In  lliB  cavity,  5,  and  put  on  tbe  Cover,  e  c.  As 
soon  aa  the  tempera tuic  of  the  flask  bas  fallen  to  32°,  a 
Certain  portion  of'tho  surronndiug  ice  "will  be  fonod  to 
liave  melted ;  this  ig  to  be  poured  out  and  measured, 

Iu  the  snme  way  expose  an  ounce  weight  of  mercury 
to  the  same  process.  The  quantity  of  water  melted 
will  be  only  ^  of  tbe  amount  in  the  previous  case.  A 
given  weight  of  water  will  therefore  melt  thirty  limea 
.13  much  ice  as  the  same  weight  of  quicksilver  in  cool- 
ing through  the  same  number  of  degrees. 

Lavoisier's  calorimeter,  J^^iff.  22,  nets  on  the  same 
principle.  It  consists  of !»  set 
of  tin  vessels  within  one  an- 
other. In  the  central  one,  a 
is  the  eubatanco  to  be  exam- 
ined. Between  this  nnd  tho 
next  IS  quantity  of  broken 
ice,  the  water  from  the  melt- 
ing of  which  flows  out  through 
n  stopcock,  c,  into  a  graduated 
glaaa.  The  vessel  6  is  eur- 
ronnded  by  another,  d,  to  avoid 
_  the  melting  of  ita  ice  by  the 
warm  external  air.  The  water  from  this  is  c;in'ied  off 
by  the  stopcock,  c.  Though  cseellent  in  prinoiple,  the 
difticultica  in  the  practical  working  of  this  instrument 
are  great. 

The  mercurial  calorimeter  of  Favve  and  Silberman, 

Describe  Fig-  21,  and  the  method  of  iisiOR  it,  Wlmt  is  llie  rela- 
live  Epecifio  heat  of  water  B.nd  mercury?  Uescribo  Laitiisier's  cal- 
orimeter. 
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^g.  23, 13,  in  reaiity,  an  enlarged  mercurial  thermoine- 

FI9.  23,' 


ter,1,]ie  bulb  of  which  may  receive  the  snbataneos  to  bo 
experiraeiiLGd  upon.  It  coDaista  ot*  a  glass  globe.  A, 
wiLli  three  apertures.  Intd  oao  of  them,  b,  is  fixed  a 
plaiiinini  tube,  and  into  this  tube  a  bottle,  c,  fits,  and  U 
iiicloseJ  by  a  coik,  'J.  In  the  tube  5  is  a  small  (luaotity 
of  mercury,  to  bccuic  ibc  ejieedy  conduction  of  beat- 
The  aperture  c  terminates  in  a  Btomlilio  a  thormouieter 
tube,  and  by  the  movements  of  llie  luercury,  /,  along 
the  Bcale,  ^.7,  the  dilatation  of  tho  mercury  in  A  is 
ineaaurui!,  A  piston  moved  by  a  screw,  serves  to 
bring  llie  mercury,/",  to  the  zero  of  I  he  scale.  The 
globe  is  incased  iii  a  box,  K,  ILneil  with  swans'  down, 
to  avoid  disturbance  ffom  e^tei-'ior  cfjoling.  The  value 
of  the  degrees  is  determined  experimentally. 

Tlie  third  process,  tho  method  by  cooling,  consists  En 
aaceitaiuiag  the  length  of  time  necesBary  to  co-ol  through 
a  definite  interval.  Water,  M'hich  lias  a  great  epecific 
hent,  takea  a  length  of  time  to  cool;  tjiiicksilver,  on  the 
contrary,  a  much  less  time.  Tho  method  of  cooling  re- 
quii'cs  several  precautions;  among  others,  the  substances 
must  bo  j>la(;ed  in  vacuo.  AVith  liquids  it  gives  very 
good  results,  but  with  solids  the  dilicring  of  radi- 
ation and  conduction  veudor  it  objectionable. 

The  fourth,  the  method  by  laisture,  is  the  best.  It 
is  easily  understood.  If  a  pint  of  water  at  40"°  be  mixed 
with  a  pint  of  water  at  loo",  the  temperature  will  be 
the  mean,  that  is,  1'0°.    But  if  a  pint  of  mercury  .at  100*^ 

Itecrilie  ihc  cnlorinieieT  of  FnTre  nnil  Ril&ennM.  TiYhai  ia  it  in 
reslilj  ?  In  wliaC  dut-a  tbc  nielhud  of  cooling  coiiaisL?  Wliiit  jirc- 
cnntiuaB  dues  it  require?   How  is  tha  tnethod  by  mixiiiie  euudect' 
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be  mixed  witli  n.  pint  of  water  nt  40°,  tlie  tcmperatRre 
of  tiie  mistiire  iviil  bo  C0°  ;  so  that  llie  forty  degieea  lost 
"by  the  nitrcury  biive  oidy  raised' the  walur  tw-cnty  de- 
grees. If  equiil  s5e!V//j/«  instead  ofcipial  volumes  of  ihe 
substances  are  used,  the  results  are  more  etri king,  the 
proportion  Mng  tbcii  as  1  to  30  instead  of  1  to  2, 

The  method  of  mixture  la  oijunlty  applioable  to  solids. 
If  a  pownil  of  copper  at  300°  be  plunged  into  n  pound 
of  water  at  50°,  trie  resulting  temperature  is  72°,  iVoui 
wbieb  it  appears  that  the  specific  heat  of  water  is  about 
ten  times  that  of  copper. 

By  roaorting  to  lliG  above  iDCthoda  the  Bpecific  heat 
of  a  number  of  substances  baa  heeu  ascertained,  but  as 
it  is  not  the  absolute  qqaatity  of  beat  that  ia  determined, 
it  ia  necessary  to  have  eoine  standard  of  compari&oii. 


For  solids  and  liquids  water 
has  been  cboscD,  its  epcciQo 
heat  being  the  highest,  while 
for  gaseous  bodies  air  is  nsed. 

The  varying  specific  best 
of  bodies  may  be  illustrated 
by  -f  (V/.  24,  which  consists  of  a 
cake  of  wax,  C,  supported  on 
a  stand,  D,  and  a  number  of 
equally  warmed  balls  of  vari- 
ous substances.  Those  which 
have  a  high  epecilic  htat  can 
melt  ibcir  way  ihroiigli  the 
was,  and  fall  to  the  table,  and 
those  which  have  less  only 
melt  pnrtiy  tbrougli. 

J^ci/ic  Heata  o/ S^jiial  Weights  between  32°  and  ^12°. 


I. 00000 

BnLia  

  o.nnaol 

Oil  of  Tiirpeniine.. 

0  4i'in3 

Silrer  

 o.or.70i 

CfiarcOfll  

O.24I.-0 

Tin  

 o.o.'ittaa 

0,197GS 

0. 1 1 370 
0, 09053 
0.09,115 

now  do  yia  knwr  that  file  speriflc  hunt  of  Wntar  is  Ictn  limes  lliDt 
&r copper?  Why  3a  n  clandard  of  connmri^tfiw  for  sppcili<*  Ki'dt  neeea- 
RBiy  ?  n'hnC  nre  llie  siibs-iimcea  ueod  aa  siaudoida?  Describe  /"f?. 
24.     Wlinl  diH9  it  iltnairntc? 
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The  specific  heat  of  a  substance  varies  with  its  pliya- 
icaL  coniiilion.  Water,  -wlieii  eolidified  into  ice,  liaa 
only  one  half  the  specilic  heat^  as  505  to  1000.  In  the 
form  of  steam  there  is  also  a  dirainnlioH,  the  ratio  being 
ns  4&0  to  1000  for  equal  weights.  Mechanical  coniprea- 
eion  also  ahere  the  specific  heat,  copper,  which  had  stood 
»t  0'9o0,  by  baiiinienng  berug  reduced  to  0"93ft.  On  nii- 
ncftliiig,  it,  however,  regaiued  its  primitive  condition. 
In  dimorphoua  bodies,  the  denaeEt  form  has  the  low- 
est specide  heat,  diamond,  for  instance,  heiiig  O'HOg; 
.graphite  is  0-2018,  and  charcoal  0-2415. 

Dr.Black,  who  waa  one  of  the  early  investigators  of 
heat  phcQomcna,  introduced  a  term, "  Capacity  of  bod- 
ies for  hoat,"  iniplyiog  the  idea  that  this  piiiieiplo,  cn- 
teiing  their  pores,  was  taken  up  by  diflarcnt  bodies  to 
different  amouEts,  in  iVie  same  way  that  two  ppongea 
I  of  different  densities  will  hold  different  qnantitiea  of 
water.  On  this  snpposition,  the  hghtor  a  body  is,  the 
gi'eatcr  should  be  its  capacity  for  lient,  because  its  at- 
oms are  more  widely  separated.  But  in  practice  this  is 
found  not  to  bo  the  case,  oil,  that  floats  ou  ivater,  not 
(having  lialf  the  capacity  for  lieat  that  the  water  has. 

The  epecitio  heat  of  bodies  increases  with  their  toiii- 
pcrature.  On  Black'a  doctrine,  this  is  accounted  for  hy 
saying  that  the  atomic  interstices  beeonie  largcT,  iiml 
there  ia  more  room  for  the  heat.  In  the  process  of 
compression  by  hammering, heat  is  evolved,  and,  accord- 
ing to  Black,  this  is  dne  to  ttio  forcing  of  the  atoms  to- 
gether, which  causcH  the  exudation  of  sonic  of  theheat. 
But  it  can  not  be  supposed  that  iho  great  heat  which  is 
piodnced  can  all  arise  from  eueh  a  source,  According 
to  the  dynamical  theory  of  beat,  it  results  from  a  con- 
version of  mechanical  motion  into  molccuiar  motion, 
heat  being  regarded  not  as  a  EubstancG,  but  as  a  motion 
of  the  atoms  of  bodies. 

An  experiment  by  Rnmford  illustrates  this  point. 
Ho  took  a  hollow  cylinder  of  iron,  into  which  a  plunger 
was  fitted,  and  caused  to  press  against  tlic  bottom.  A 

How  mny  ilio  specific  heat  of  a  substnncc  bo  vnried?  Wlint  i* 
meant  by  copncitj  for  lieni?  Givo  nn  iULislriiLion.  Why  is  llie 
specific  heat  of  bodies  tiecrcased  liy  hsnimerinR,  on  Blnck's  ilieorj? 
Ifmv  is  li  nc-coiinled  for  on  tlie  dj'aamiciil  [lieory  ?  Describe  Koia- 
foril's  experiment. 
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box  contaiTiiiig  IBj  poumia  of  water  surrouinled  ibe 
cylinder  j  its  tempti-aturc,  wbich  was,  at  Hie  begitiuing 
of  the  eKperiiuent,  00°,  was  niavked  by  a  tbermonietGr. 
Tiie  cylinder  was  tiii-ned  by  n  horse,  and.  in  an  hour 
after  the  frictioo  had  commenced  the  temperature  -was 
107°.  At  the  end  of  two  honrg  and  a  lialf  tlie  waioc 
nclnally  boiled.  The  quantity  of  metal  abraded,  and 
from  ivliicli,  according  to  the  materini  theoi7,llii;s  great 
anioiint  of  heat  must  have  been  produced,  was  only  a 
few  huudred  grains.  In  addition  to  tliis,  ho  found  that 
the  chips  had  the  same  capacity  for  heat  aa  bclbrc,  and 
hcDce  eonclndod  that  the  raeclianical  motion  had  been 
converted  into  heat. 

There  is  also  a  very  eigniScant  experiment  of  Davy 
whieli  indicates  the  Game  fact.  Ice  has  only  one  half 
the  capacity  for  beat  that  water  possesses;  and,  in  ad- 
dition, an  immense  amoimt  of  heat  must  be  consumed 
in  chang'ing'  it  id  the  liquid  condition.  But  Davy,  by 
friction  of  two  jjiecea  of  ice  together,  produced  water, 
tind  yet  Ihc  original  quantity  ofheiat  in  the  ice  ivas  but 
a  small  fraction  of  that  in  the  -water.  The  extra  amount 
must  have  been  furnished  by  the  mechanical  motion 
used. 


LECTURE  Vra. 

SpKcmc  ITeaI'  ANb  La-test  Heat. — Variability  of  Spe- 
ei/ii:  Ifeai  under  Compressioji  mid  DiluUition. — 7'he- 
oryof  the  Fbrmation  of  Clouds. —  T/ie  Fire  Syringe, 
—  Cold  of  the  Upper  liegions  of  th6  Air. —  Connec- 
tloji  bslxB^&i  tSi^ecific  Jieats  ami  Atoimic  iVeigi/its. — 
Lntml  Heat. — Melting  Points  of  variovs  bodies.— 
Latent  Heat  of  Water  and  Other  Sadies. 

TuE  capacity  of  gases  for  heat  is  detciuiiticd  by 
warming  a  known  weight  by  niejiijs  of  a  spiral  tube  itn- 
niersed  in  hot  oil^  and  then  condncting  the  gas  through 
a  vessel  surroundetl  by  a  known  Weight  of  water.  The 
inquiry  ia  altenfled  by  very  great  difficulties. 

When  the  vnlntne  of  .t  gas  increases  its  eap.acity  for 

What  did  Ruraford  conclude.?  "Wliiit  iviis  Dnvj's  cxjicnmctil? 
lYhnt  concluskm  did  he  coiuq  to  ?  llutv  u  ilic  cupnciij'  gases  fur 
heat  determined? 


TARIATIONS  OP  SPECIFIC  HEAT.  3? 

}ieat  increases,  anJ  a  tliminuLion  of  volunie  is  attended 
wilb  a  diminution  of  capacity.  If  a  lire-  p;,p.!>Sl 
guet's  thertnometei"  be  placed  under  llie  re- 
ceiver of  an  Bir-pump,  which  is  rapidly  ex- 
laustetl.  Fig.  25,  a  sudden  leductioa  of  tem- 
perature is  indicated.  Aa  the  rarefaction 
proceeds  tbe  capacity  foi"  heat  increases,  an 
'increase ■which  is  satisfied  at  tlie  expense  of  m 
portion  of  the  sensible  heat. 

On  the  same  priindple,  the  appearance  of  the  fog  or 
'clond,  ivliich  comes  whan  moist  air  is  rarefied,  is  ex- 
.plained.  The  qnantity  of  vapor  th.at  can  exist  in  a  giv- 
en B])acc  dopenda  on  the  temperature.  If  the  space  is 
cooled,  a  portion  of  tlie  vapor  will  condense.  When, 
ly  suddenly  rarefying  air,  we  increase  ita  capacity  for 
"  est,  the  temperature  falls,  and  pjirt  of  its  moist-  th^.  ao. 

re  assmiica  tho  form  of  drops.  If  a  bdl-jar  is 
-taken,  the  inside  having  heen  rinsed  out  with 
water  and  placed  on  tlic  air-pump  stand,  on  ex- 
liausting,  !i  mist  malces  ita  appearance,  which 
immediately  clears  np  on  readmitting  iho  air. 

candle  placed  behind  the  jar  will  show  the 
effect  to  a  larga  audience. 

When  air  is  suddenly  compressed,  its  capaci- 
ty for  heat  diminishes.  This;  is  experimentally 
ahown  by  the  fire-syringe,  20,  which  con- 
fiistg  of  a  strong  glass  tube,  coutaiiiing  a  tightly- 
fitting  piston.  iSy  forcing  the  piston  down- 
'ward,  the  air  in  the  cylinder  can  he  compressed. 
If  a  piece  of  cotton,  inoisteDcd  with  hiHul]ihide 
of  carbon,  he  put  into  the  syringe  previously,  a 
Tjrilliant  flash  of  light  will  follow  the  compres- 
sion. Even  tinder  may  he  set  en  fire  iu  ihe 
sanio  way. 

The  variation  in  capacity  of  substances  wllh 
variation  of  volinno  was  explained  on  Hlack'a 
doctrine,  aa  follows:  If  a  sponge  soalced  in  wa- 
ter he  compressed,  a  portion  of  the  watev  ex- 

Wlmt  cWect  iocs  cliangoin  volume  of  a  g'aa  hnvc  on  as  capacky  for 
ent?    Pqacriho  t|iG  Hjcpcrimqnt  ^Y'/.  li]x:plain  Ojjpear.uICO 

of  fag  in  rarefying  nil',  tlon^  may  this  lio  iUit^trotci  expericnealnl- 
y^  DcstriljB  the  fire-6yriiij,'o  niiil  ita  nicilioil  of  a-ciion.  How  la 
the  variation  in  cnpaeily  for  licnt  t^xplnint'il  on  Biaclt's  tlieory  ? 
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uJea,  just  ns  in  the  syringe  llie  aiv  allows  beat  to  escape. 
On  vclasiiig  the  sponge, it  will  take  up  more  water,  just 
ds  air,  wWa  dilatud,  Ims  ita  capacity  Ibr  lieat  increased. 
According  to  the  djniiniical  theory  of  beat,  tho  lieat 
developed  dnrinr!;  compression  would  be  regarded  as  a 
conversion  of  tho  muscular  TQoviMneiit  of  the  arm  into 
molecular  motion  of  the  stoma  of  air. 

The  great  degree  of  cold  wljicli  prevails  in  the  upper 
regions  of  the  atmosphere,  as  iB  shown  by  the  following 
table,  IB  due,  to  a  considerahle  extent,  to  tiie  capacity 
of  that  dilated  air  for  heat. 


Altitude 
in  Ti'rt. 

TcJapflTnture. 

Altlliiilu 
in  fcpl. 

TctiipDmlure. 

Altitude 
Id  teeL 

TempcraturD. 

0 

B.O0O 
10,000 

RO^ 
Gi°A 

IS,  000 
20,000 

aj-.4 

12''.  8 

95,000 
30,000 

-  T'.G 
-30°.  7 

The  formation  of  clonds  is  also  explained  on  the  same 
principle,  A  stratum  of  air  resting  on  the  aea  or  moist 
earth  becomes  saturated  with  moisture,  and  by  the 
warmth  of  the  B\m  hegins  to  rise  through  the  atinos- 
phere.  As  it  rises  it  expands,  on  account  of  tlie  de- 
creasing pressure,  and  its  capacity  foi'  Ijeat  iftcreases. 
A  portion  of  the  moisture  la  therefore  deposited  in  the 
form  of  drops,  and  consliuitea  a  cloud. 

The  small  capacity  of  quicksilver  for  heat  renders  it 
a  Biiitablc  liquid  for  thermometers,  because  it  cools  or 
warms  rapidly,  and  follows  Tariatioiia  of  lemperature 
raoTo  (juiukly  than  water  and  most  other  fluids. 

There  ia  a  connection  between  the  specific  heat  of 
bodies  and  their  atomic  weights.  In  most  cases,  if  sub- 
stances are  compaced  together  in  the  ratio  of  their  com- 
bining proportions, it  will  be  fomid  that  the  same  amount 
of  heat  will  raise  them  an  equal  number  of  degrees ; 
that  is,  ihe  specific  heat  of  an  elementary  body  is  in- 
versely as  ils  combinirif} proportion.  In  the  cxceptiona.! 
cases  there  is  generally  some  simple  multiple  relation, 
aa  is  shown  in  the  following  table : 

How  is  the  variation  in  tTia  cnpndty  for  heat  csplained  on  the  dp. 
iinmicnl  iliEory  ?  "Wliat  is  ilie  cause  of  the  coW  in  ilie  upper  refiiu™ 
cifilie  air?  Wliat  ia  Hip  (em]icraluro  at  30,000  IbcCf  Explain  tlia 
fomnntion  of  ctoiiJs.  Why  \3  qviickailvev  ap-ecisllv  amitabie  (i>t  liicr- 
itiomelera?  Wlint  is  the  eeUtioli  between  specific  hent  anil  alomlc 
weight; 
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Thble  of  the  Specific  Heats  of  the  Sleme/Uart/'.itoma. 


2.841  (! 

3.204^ 

AntimiiiiT  

  6,i;t3'.l 

Cobiilt  

3.1553 
3.1il7G 

Uiamntli  

6.8-32 
  fi.+TlU 

.  this  table : 


,  appeara  that  the  first  ten  suTjstatiecs 
show  a  close  appro xim at Eoii  m  theiv  capacities  i'or  lieat, 
if  the  quantities  used  lie  in  propovtiou  to  tte  atomic 
weigjits  instead  of  equal  vr&^ls.  Tho  reraaioder  have 
a.  double  capacity.  In  •joinpounile  tho  specific  heat  may 
be  calculated  ftom  the  sum  of  tlie  atoiiiio  heats  of  their 
components. 

Latent  Heat. 
J^ret  Ghmiffe  of  Jbrm. — Seat  of  Fluidity. 
VVheu  solid  substancesi,  ■\vliicb  can  r-esist  a  hiirh  tein- 
peratiirc  ivjlhout  decomposition,  are  exposed  to  an  in- 
creasing liGal,  a  point  i3  eventually  reached  at  which 
they  assume  the  liquid  state.  This  point,  known  as  the 
point  of  fnaion,  or  melting  ppint,  ia  fixed  for  each  sub- 
B.tnnee. 


I 


Table  of  the  Meltitig  Faints  of  JintVea. 


..  -aa 

Oil  of  Vitriol 

-30 

Eroniino  

32 

111.5 

ISG 

Tin  

...  461 

Bi&imiili   512 

Niimic  of  Soda   591 

Loud   620 

Xitrntc  of  Pombsb.  ...  G+2 

Zinc   773 

Silver   lira 

Copper   19B6 

Colli  ,   2016 

Ca^t  Iron   2im 

WrongUt  Ir-n   -["Ij^™ 


Some  substances,  pffl'hapa  all,  to  a  greater  or  Igsb  ex- 
tent, pass  tbrongb  a  cQnditioa  intervening  lietween  the 
eolid  and  liquid  state,  assuming  a  pasty  consistency. 

Wliat  fiiiiiniiiics-  of  piibsiflTices  niiist  be  iiacil  insiracl  <if  pqiinl 
wiMjrJits?  What-clinnae  m/onn  occurs  on.  henLing  .wlid  siilisianfles? 
Stnla  tlia  liielliflg  )j0ints  Of  V.inoiis  bodies— mercury,  oil  of  litrieil, 
etc.    Wlint  inlcnncJkic  coniHiion  may  bii1,s(utiui>ii  pnis  thronjiliP 
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The  maiiufactiiro  of  glass  ■depends  o»i  sLicli  a  property. 
It  ia  also  shown  strikingly  by  various  oils  ami  wax. 
Indeed,  different  liquids  may  be  said  to  present  different 
degrees  of  liquidity.  This  ia  well  seen  when  sulpharic 
acid,  a  denso,  Bliiggishly-moving  body,  is  compared  with 
Biilphiirio  ether,  a  suhstanao  of  I'ciiiarkable  mobility. 
The  liquidity  of  tlic  liquid  stato  Bcema  generally  to  be 
increased  by  elevation  of  tenipCTatai;e. 

If  we  take  a  mass  of  ice,  the  temperature  of  which  is 
at  the  zero  poiEt,  and  bring  it  into  a  warm  room,  examin- 
ing the  cii'oumstan ces  under  which  its  leniperaturs  rises, 
they  will  be  found  as  follows  :  tlie  mass  of  Ece,  like  any 
other  solid  body,  warms  with  regidnrity  until  it  reaches 
3li° ;  then,  for  a  considerablG  iieriod  of  time,  no  farther 
elevation  U  perceptible,  but  it  undergoes  a  molecular 
change,  assuming  the  liquid  condition;  when  this  is 
complete,  the  temperature  again  oonitiiGnces  to  riss. 

That  we  may  have  precise  views  of  these  facts,  let  lis 
snppose  that  the  mass  of  ice  and  the  warm  room  into 
which  it  is  carried  have  such  relations  to  cflch  Other 
tliat  the  temperature  of  the  former  can  rise  from  the 
zero  point  one  degree  per  minute;  for  thirty-two  min- 
utes the  temperature  of  the  ice  will  be  found  to  increase, 
and  at  the  end  of  that  time,  a  therm omctcr,  if  applied, 
would  stand  at  32°.  But  now,  altfiougli  the  heat  is 
still  entering  the  ice  at  the  rate  of  a  degree  per  minute, 
the  process  of  warming  ceases,  and  foi"  142  niiniites  uo 
liirther  rise  takes  place,  but  the  ice;  melts,  nud  is  eom- 
pletely  liquefied  at  the  end  of  that  time.  The  temper- 
ature then  again  Bteadily  rises,  and  coutiaues  to  do  bo 
with  i'cgularity. 

We  know,  from  ex'periments  like  the  foregoing,  that 
about  142  degrees  of  heat  arc  absorbed  by  ice  in  pass- 
ing into  the  condition  of  water ;  and,  as  this  heat  is  not 
discoverable  by  the  thermometer,  it  is  designated  as 
latent  heat. 

A  similar  fact  appears  when  *ny  liquid,  such  aa  wa- 

Give  an  eKatn]]lc  of  ihg  inicnnedipCe  condition  sabstonccB  (hhj 
[iQM  liirijiijjh.  GiTi!  nil  t'K.iinjiIi!  of  diffi;rciil  dugrcca  of  liquiiiily. 
DiwcritiL'  whnt  occurs  on  iviirnilnn  ice.  AC  whnt  ilcftrec  does  iis 
temperntiiTu  remnin  simiounry  fur  a  time?  II ins  Jdub  is  iho  pniiBC  ? 
Wliui  cbanKB  lu  firm  qccuts  at  llio  same  lime?  What  in  mennt  by 
Idtfiiit  bcntF 
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ter,  passes  into  the  vaporous  condition.  If  some  wnter 
be  exposed  to  fi  fire  which  can  rniso  its  temperntnee  (it 
the  rate  ot' one  degree  per  iiiinate,  lliat  efteut  will  con- 
tinue till  212°  are  readied;  at  that  point,  no  matter  how 
much  the  heiit  be  inereased,  the  teuipcratiuo  i-crnaina 
fitatioiiary.  Tlie  water  undergoes  ii  change  of  form, 
assuming  the  coudition  of  a  vapor,  and  tlic  cliange  ia 
completed  in  ahout  SO?  luinutcs.  In  tliis,  as  in  the  for- 
mer iiislance,  vic  iof&r  that  a  liirgc  amount  of  Ijeat  haa 
tecomo  intent,  or  undiscovcrablc  by  iho  tliormoniGler, 
and  that  it  is  occupied  in  ostabliiiLiiit;  the  ciustic  form, 
-which  the  water  has  assumed. 


Tahls  ofZutmt  -HtaJ  of  Bodies, 


F." 

Waters  J. 

I.OOO 

.m 

NUrate  of  Potash....... 

  er..5G 

.fi!)B 

Zinc  

G0,(i3 

.3jjr» 

Silver  

37.93 

.aft5 

Tin  

.ITU 

.171 

,liO 

.lis 

.067 

By  thG  method  of  raixtureH  the  saino  results  may  bo 
eatfthlishcd.  Thus,  if  a  pound  of  water  nt  31'°  bo  mixecl 
■-with  fl  podinl  at  174*,  the  mixture  will  have  the  mean 
eraperatiire,  that  is,  lDa° ;  but  if  a  pound  of  ice  at  32" 
e  mixed  with  a.  pound  of  water  at  174°,  the  tuixtin'a 
Still  reniaina  at  32°;  and  the  reason  ia  clear,  from  the 
foregoing  considerations,  that  ice,  in  passing  into  the 
liqnid  slate,  requires  142°  of  latent  heat. 

At  what  point  does  wnlcr  pituso  when  n-nrmel  'I  How  niutiy  de- 
gi-ees  of  heal  are  required  to  vapotiae  wiUcr  ?  Wliut  bjis  bpcome  of 
the  heat  ?    Du  nil  Bnbstnnea.i  hnvo  the  sjunn  nmoanl  of  Inlcnt  kent  ? 

How  ean  tlie  doctiioB  of  Intent  ticat  ho  proved,  bf  the  mctbO'il  of 
mixture? 
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LECTUTIE  IX. 

XATiarr  TTeat. — Heat  evolved  in  SoUdificatiQn. — Theo- 
ry of  Freeing  Mixtures. — Expansion  during  iSolidi~ 
fiecition. — Freezing  and  Mdting  Point  of  liVater. — 
Its  Latent  Heat  affi^cts  the  Duration  of  A.utu7nn  and 
Spring. — Regelation. — Heat  of  Elastidly. — Boiling 
Points  of  various  JLirp-ticls. — Mature  of  y(rj>or. 

Wden  a  liquid  assumes  the  solid  form  a  consideratle 
niiioiiiit  of  licat  is  evolved.  The  cause  19  readily  iinder- 
Btood  from  what  wo  have  seen  taking  place  during  the 
I'everee  process,  wticli  Las  led  us  to  the  fact  that  the 
(litTereuee  between  any  givcu  solid  and  the  liquid  which 
arises  from  it.  by  raeUing  is  lii  the  large  nniaunt  of  la- 
tent heat  which  is  found  iii  the  latter,  and  which  is  oc- 
cupied iu  giviDg  it  its  form. 

A  saturated  solution  of  sulphate  of  soda  may  be  cooled 
from  its  boiling  point  to  cotninon  temperatures  in  a  ves- 
sel tightly  corked  without  solidification  taking  place, 
but  when  the  coi'k  la  withdrawn,  erj'Stallization  ensnes, 
and  heat  is  evolved.  This  ixiay  be  proved  by  taking  a 
bottle  tilled  with  such  a  solution,  and,  liaving  introduced 
the  bulb  of  .lu  air-thcrmoraetci'  through  the  ueck  by 
means  of  an  ajr-tight  cork,  the  mouth  of  the  bottle  is  to 
bo  carefully  stopped.  When  tlio  wholo  apparatus  has 
reached  the  ordinary  tenifieralure  of  the  air  the  stopper 
is  withdrawn,  and  solidification  at  once  lakes  place  ;  or, 
if  it  should  at  first  fail,  the  introduction  of  a  crystal  of 
sulphate  of  soda  will  bring  it  on.  At  that  moment  it 
will  be  perceived  that  not  only  does  the  thcrraoraetev 
indicate  n.  rise  of  teniperaturo^  bitt,  if  the  bottle  be 
grasped,  it  will  be  found  to  be  sensibly  wann. 

On  theae  principlea  depends  the  action  of  freezing 
tuistnrGB,  of  which  the  following  is  an  esample.  If  we 
take  8  parts  of  crystallized  sulphato  of  soda  and  mis  it 

Wliqt  beconics  of  tlic  latent  heiit  of  n  Said  whcD  i|  EPlidifi'^ 7 

WImi  is  the  difference  beiivcen  lite  soliii  and  liq^niil  fcinris  of  a  siib- 
amnce?  Descrilio  ilio  esjicriiiient  willi  suipliftle  of  ioila.  Vihai 
climitiD  of  Icmpciatorc  is  seen!  Describe  the  actiou  of  a.  freezing 
mixture. 
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in  a  ttin  tambler  witli  5  parts  of  hydroclilorlc  ac'id,  the 
sulpliate  of  soiia,  from  being  n  Eolid,  assumes  the  liquid 
tbi'in ;  and  taking,  in  order  to  oft'oct  that  tiiaiiyc  of  form, 
)ieat  from  Burro muling  bodies,  it  reduces  their  temper- 
ature. This  may  be  shown  by  placiug  4  piirts  of  water 
ill  a  thill  giflss  test-tube  and  etirriog  it  about  in  th& 
mixture ;  the  W^ter  speedily  freezes,  eve^  on  a  summer 
day, 

Tahie  of  Peeezinff  MUetwes. 


llfiliifUnn  nf  Teni- 

"    fiO'  [0  0 
"    ho°  to  -  4' 
"      0  10  ~4iU= 

tiuljiliaEc  of  (inUn  8,  IJ^ilrodiloric  Aciil  fl.. 

All  these  uiixtufea  depend  eBsentially  on  the  princi- 
ple under  consideration,  that  latent  heat  must  be  fui'- 
nislied  to  a  substance  passing'  from  the  solid  to  tbo 
liquid  stale ;  a  cubic  yard  of  ice  woald  require  a  bushel 
of  coal  to  melt  it.  They  cousist  of  vavioiiH  solid  sub- 
Btauocs,  the  Jiquefactiou  of  which  is  brought  Jiboutby 
the  action  of  other  bodies.  Even  duriny  the  litiuefac- 
lion  of  an  alloy  by  quicksilver  the  same  thing  Ib  ob- 
served. An  alloy  of'  lead,  tin,  aud  bismuth,  dissolved 
in  mercury,  will  canso  a  ibermomeler  to  sink  from  63° 
to  ]4\ 

ITany  substances,  when  solidifying,  expand.  This  is 
tho  case  ivitli  water,  in  which,  the  aniount  of  expansion 
is  about  of  tho  bulk.  The  force  which  is  exerted 
under  these  circuiMStancea  ia  very  great,  and  capable  of 
teario!!  opan  the  strongest  vessels.  This  may  be  shown 
by  filhng  a  bottle  ivith  water,  aud  fastening  tho  cork 
down  tightly  willi  wire.  On  putting  it  into  a  freeaing 
mixture,  congelation  promptly  takes  place,  and  the  bot- 
tle is  bnrat.  An  iron  bottle  filled  with  melted  bismuth, 
aud  allowed  to  cool,  is  broken  in  the  same  manner, 

The  freezing  point  of  water  is  usually  spoken  of  as  n 
£xed  point,  and  is  marked  as  euch  upon  tbe  scales  of 
our  thi/rniometers,  but  if  wator  be  cooled  without  agi- 

Why  in  cold  prodnced?  Give  cxaniplea  cf  other  freezinK  mix. 
tures,  Willi  is  ihc  csseHiial  jirinciple  of  freciing  mixtiircg?  Whnt 
!•>  the  mnomit  of  uspansioii  of  ivnler  in  fre-ezinjj?  Uoiv  mnv  ihe 
force  exerted  Iw  Rliown?    Is  tho  freedog  ofwaiov  a  fixed  ]niim? 
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tatioii  it  may  Le  bronght  as  low  as  15*.  Hy  CRUsing 
the  freezing  to  lake  place  in  very  strong  vessels  of  steel, 
Mousson  Ibiind  tliat  tinder  .1  pressure  of"  Lii,000  atrnos- 
pher«;»  water  remaiued  liquiil  at  O'',  aiiJ  tliat  if  ice  Were 
inlroduecd  into  iho  apparatus,  on  applying  pressure,  it 
was  unable  to  preserve  tbe  solid  state;  its  bulk  was  re- 
duced at  13,000  atmojipheres  by  of  iha  Yoiama  at 
32°. 

Mat  though  water  will  retain  its  liquid  form  far  below 
ita  freezing  point>  ice  can  not  be  brought  nbovo  32° 
without  melting.  The  melting  of  ico  is,  therefore,  the 
fixeil  thermonietric  point. 

AYe  have,  seen  that  the  posaession  of  a,  point  of  maxi- 
mitm  density  by  water  exerts  a  great  effect  upon  the 
durntioa  of  the  seasons;  a  similar  observation  might  be 
made  aa  respects  its  latent  heat.  If  ice,  by  the  absorp- 
tion of  a  eiugle  degree  of  heat  when  it  passes  from  G2  , 
could  turu  into  water,  the  great  deposits  of  winter 
would  snddenlj  melt,  and  imiiidations  be  frequent,  just 
as  when  Etna  pours  a  torrent  of  lava  down  its  snow- 
dad  Bides,  the  flood  is  more  destructive  than  ihc  molten 
mass.;  or  if  water,  by  losing  a  single  degree  of  heat, 
tcrned  into  ice,  freezing  would  go  on  with  great  rapid- 
ity. To  the  melting  of  snow  or  the  freezing  of  water 
time  is  necessary;  the  142"  degi'eeB  of  latent  heat  havo 
to  be  disposed  of;  this,  thereioro,  serves  to  procrasti- 
nate the  approach  of  winter,  and  causes  the  Eiiriiig  to 
come  on  more  slowly. 

It' two  pieces  of  ice  at  52°,  with  moistened  surfaces, 
arc  placed  in  contact,  they  freeze  to  one  another.  This 
phenoracuon  ia  chilled  regdation,  and  will  occur,  tliongli 
the  air  may  be  at  90°,  or  the  ice  bo  iu  wattr  of  that 
temperature.  In  the  same  way,  flannel,  hair,  or  collon 
will  freeze  to  ico,  though  the  metals  will  not.  Ey  plac- 
ing frngments  of  icc  in  wooden  moulds,  as  in  Fig.  27, 
C  I),  II  P,  and  applying  a  severe  pres-iure,  spheres,  as 
B,  cups,  lenses,  etc.,  may  be  formed.  The  causic  of  the 
refrecsing  has  not  been  ascertained  up  to  the  present. 
Regelation  explains  the  original  formation  of  glaciers 
from  damp  snow,  and  accounts  for  their  motions  add 

Difscribe  Monsson's  esperitnenr.  Ia  the  mpliine  of  ice  n  fixed 
Mini?  Wli*t  effect  lias  the  intent  hoRt  of  iTaWr  oa  the  seasoiia? 
Wlint  is  lueartt  ky  higelation  ? 
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changes  ofform  in  descGnding  to  the  vnllej's  below.  It 
nvoiiis  tile  neceasity  of  supposing  that  llio  ice  is  a  vis- 
cous body. 

Second  Change  of  Mirmu^ITeat  of  Elasfkity. 
Exposed  to  »  rise  of  temperatui'e,  liquid  substances 
"boil  at  a  particular  point,  which  varies  w  ith  their  uatute. 

Table  of  Boilinff  Points. 


Sulphurous  Adtl   17^ 

Ether   B5° 

Bisnlphidoof  Cfifbon...  118' 

Eromino.-   1+5° 

Alcohol   173° 

WntiT   212"= 


Arelio  Acid   243" 

Nitric  Acid   yigo 

nil  tif  Turpcnlino   S14» 

Fhosphorns    fcW 

Kiilplmric  Acid   C+O' 

Mercury   063° 


Fis.  as. 


A  technical  distinction  is  made  between  a.  gas  and  a 
vapor.  By  the  latter  we  understand  a  gns  wiiicfi  will 
readily  take  on  the  liquid  form. 

Some  of  the  leading  peeuharitlea  in 
tho  constitution  of  vapors  may  be  ox- 
bibited  by  the  folljwiufi'  experinienl : 
take  a  *jlass  tube,  a  a.  Fig.  28,  with  a 
bulb,  b,  blown  on  its  upper  cstreraity ; 
pour  water  into  the  bnib,  filling  the  tube 
to  within  an  inch  or  two  of  the  cud  ;  ihia 

WIml  dnea  F'ff.  27  illustrate?  J)o  nil  flujils  boil  nt  the  Pomo 
point?  GiTB  the  boiling  poinle  orEulphnroas  atid,  ctlier,  cic,  Whnc 
is  the  distinction  between  a  gas  anil  n,  viijior?  What  fact  Is  fig.  2S 
intended  to  illuarpsle  ?    DMcrilie  ibe  inslnuneni  nnJ  Its  ncilon. 
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vacant  space  fiU  with  enlpbnric  -ether ;  ancl  noiv,  closing 
thfl  end  of  the  tu^e  ivilu  the  finger,  invert  it  in  a  glass 
of  water,  aa  is  represented  in  the  ligurc.  The  ether,  be- 
ing much  lighter  than  water,  at  once  rises  to  the  upper 
part  of  tlio  bulb,  as  is  shown  by  the  light  s|)ace,  tho 
bulb  bciDg,  of  course,  full  of  ether  and  water  conjoiotlj'. 

On  the  application  of  a  Bpirit-lamp  the  ether  vapor- 
izes, and  presses  the  water  out  of  tho  bulb  into  ihc  glass 
cup.    Three  imporlaut  facts  maj"  now  bo  established. 

ist.  Vapors  occupy  moro  space  than  Ihe  liquids  froni 
which  they  arise. 

2d.  Tiicy  liave  not  a  misty  or  fog-lilca  appearance,  but 
arc  peri'ecily  transparent. 

3d.  AVhcn  their  temperature  is  reduced,  they  colhipso 
to  the  liquid  state. 

It  lias  already  been  shown  that  a  large  nraount  of 
heat  becomes  latent,  constituting  the  heat  of  elasticity 
of  vapors.  Tbe  temperature  of  steam  is  212°,  as  is  that 
of  the  water  from  which  it  rises,  but  it  contains  908" 

of  latent  heat,  which 
give  it  its  new  form. 
Diflerent  vapors  con- 
tain differeut  quanti- 
ties of  latent  heat: 
ether,  163°;  alcohol, 
375";  bromine,  82°; 
iodine,  43°.  It  is  the 
large  amount  of  latent 
heat  which  malcea 
Bteam  so  etficient  in 
warming.  The  steam 
arising  from  one  gal- 
lon of  water  will  raise 
the  tempcratnrG  of 
ftve  gallons  from  tho 
freezing  to  the  boil- 
ing point;  its  heat  of 
elasticity  is  nearly  suf- 
ficient,were  the  steam 
a  solid  body,  to  wake 

What  fuciB  arc  csinWish«(l  by  it?  'What  is  the  diffbreneo-  be- 
Iweeti  Rteam  nnd  water  at  212°?  Do  all  vapors  lioTo  tho  eiima 
amount  oflttent  fasBtV 
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it  visibly  rcd-hol  in  the  daylight.  In  tha  'n-arraing  of 
buililiutia  by  Eteam-pipGs,  each  eqiin™  foot  ot'llicic  snv- 
faco  will  lieat  200  cubic  feet  of  tlie  eiiiToimdirig  niv  to 
75"t  and  will  vequiro  atout  170  ciibi«  incbca  of  boiler 
capacity  for  its  supply. 

The  latent  beat  of  vapors  is  determined  hj  an  a|)|ia- 
ratus  arranged  as.  in  Fi</.  2ft.  A  is  a  flask  to  contain 
tbeliqtiid;  B,  a  rseeivor  witb  a  spiral  tube,  termiualint; 
at  c?.  G  C'outains  a.  iveiglied  (juaiiticy  of  water.  Tha 
liquid  is  distilled  into  li,  and  the  rise  of  temperature 
moasured  by  the  thermoiucter  (,*  s  is  a  tuba  for  agita- 
tion. ^  is  a  tin-plate  screen  to  shut  off  tho  influence  of 
the  lamp.  The  whole  ia  inclosed  in  an  outer  tin  vesseI,-Z>. 


LECTURE  X. 

VAPORTZAnoir. —  Vajjors  fortn  at  all  Te^vperaiims. — 
J^onii  itiatanili/  i/i  a  Yaauum.  —  Dimirnithn  of 
I'ress^ire  favors  Emponition. — Elastie  Force  o/Ya- 
jtorn.-^  Cumulative  J*ressure  of  fi^'tted  J'apor. — -^e- 
etnction  on  Marriotte's  Jjaw, — Elasticitif  increases 
with  Tempemture. — Maximitm  density  of  Vcijws. — 
Xiquffaction  of  Gasea. 

VAroMZATiON  goes  On  at  all  temperatures.  It  is  not 
neceaaary  that  tlte  boiling  point  ahonid  be  reached; 
even  ice  will  evaporate  away,  and,  if  put  in  the  \*acniim 
of  a  barometer,  will  depress  the  mercurial  column.  Tlie 
thin  films  of  tfiia  substance  often  seen  incrusting  win- 
dows may  disappear  without  melting,  and  a  mass  of 
ice  freely  ei]>oscd  to  the  air  on  n  dry  frosty  day  loses 
weight.  So  camphor  is  constantly  giving  off  a  vapor, 
which  ciystalli^ea  on  tho  cold  Bide  of  the  bottlo  conlain- 
ing  it.  Steam,  therefore,  rjsea  from  water  at  all  tem- 
pprntures,  but  with  more  rapidity  and  a  higher  elastio 
force  as  the  temperature  is  higher, 

III  n  vacnuni  vapors  form  instantaneously.  If  a  num- 
ber of  barometer  tubes,  Fig.  30,  b  e  taken  and  filled  with 
mercury  in  the  uanal  manner,  the  difference  of  volatility 

Describe  Fig.  20,  "What  is  ita  object?  Is  vaporization  litniled  to 
any  particnlnr  (Bmperatiiro  P  How  can  it  bo  proved  that  ice  nlay 
evuporale  ?    Wliat  is  the  cfFect  ol'  a  vocunna  on  vaporisation  ? 


Fig.^o.  _  _  ofvariouasubstanoesinay 
be  shown.  Let  1  bckcpt 
ns  a  standard  of  I'cfcrence. 
Pass  a  few  drops  of  wa- 
ter into  2,  of  alcohol  into 
3,  of  bisulphide  of  carbon 
into  4,  and  of  ether  into 
5.  The  mercury  will  be 
profiPEBsivcly  moro  and 
more  depressed  in  each 
case. 

Dimiuiition  ofprosaitre 
favors  evaporation,  and 
many  hquids  would  be 
perrnanently  gaseous  if 
the  presenre  of  ibe  air 
"wcro  removed,  pir.  3i, 
Take  a  pinsa 
tube,  Aj  Fiff, 
8L, closed  atone 
end,  and,  hav- 
ing filled  it  with 
water,  invert  it 
into  a  Clip,  B, 
and  introduce  into  it  a 
little  siilphuric  ether,  which  will  rise  to  a.  On  covering 
the  wholo  wilEi  an  air-punip  jar,  and  e.thausting,  th? 
ether  boils,  and  gives  off  a  transparetit  vapor.  On  re- 
ndmitting  the  air,  the  ether  goes  back  to  the  liquid  con- 
dition. By  increase  of  pressure,  aa  well  as  hy  diminu- 
tion of  temperature,  vapors  may  be  cocdensed. 

In  the  process  of  evaporation,  vapor  is  supplied  only 
from  the  surface,  and  consequently  is  more  rapid  as  the 
Biirface  is  larger.  In  the  sait-workB  of  Sakbnrg  the 
brine  is  made  to  trickle  through  brushwood,  and  tho 
water  evaporates  with  great  quickneea.  By  coverint; 
ail  evaporating  surface  of  water  with  oil,  evaporation  ia 
entirely  suspended. 

Though  vapors  occupy  more  Bpace  than  the  liquids 
from  which  tliey  come,  the  iucrease  of  volume  is  by 

Degcribe  the  instrunient  Fig.  30.  "What  effect  has  dimiDUtion  of 
pressure  on  vaiioriiniion?  Describe  t'iff.  31.  Whdt  effect  haa  aur- 
fftce  on  eraporntiaii  ? 
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no  mesDS  the  same  in  all  cases.  At  tlie  ordioar^  pres- 
sure, a  cubic  inch  of  water  prodaces  1696  cubic  inches, 
nearly  a  cubic  foot,  of  steam ;  alcohol,  528 ;  ether,  298 ; 
oil  of  turpentine,  193.  Hence,  though  the  three  last- 
named  liquids  take  up  less  latent  heat  than  water  in  va- 
porizing, they  could  not  be  economically  used  in  a 
steam-engine,  because  the  expansive  force  is  propor- 
tionately le^  a  smaller  bulk  of  vapor  being  given  off. 

The  elasUo  force  exerted  by  vapors  within  certain 
Umits  can  be  measured  by  the  apparatus  ^ff.  30.  Hie 
theory  of  the  process  is  very  simple.  The  height  at 
which  the  barometer  stands  is  determined  by  the  press- 
are  of  the  air.  As  long  as  there  is  nothing 
to  counterbalance  that  pressure,  the  mercury 
is  forced  up  by  it  in  the  tube  to  a  height  of 
30  inches;  but  on  introducing  some  ether, 
as  at  a  a,  I^tg.  32,  the  vapor  which  form% 
exerting  an  elastic  force  in  the  opposite  di- 
rection, tends  to  push  the  mercury  out  of 
the  tube.  On  the  one  hand,  we  have  lim 
pressure  of  the  air ;  on  the  other,  the  elastic 
force  o(  the  ethereal  vapor ;  they  preM  in 
opposite  directiona,  and  the  re«ultin;{  alti- 
tude at  which  the  mercury  stands  exprci»<;«, 
and  indeed  measures  the  elastic  foro:  tlift 
vapor.  Thus,  at  a  temperature  of  H'>\ 
ter  will  depress  the  mereuiial  cQlamu  ah^Mt  I  ii0^, 
cohol  about  2  inches,  and  ■nlphnric  fttbiir  afwjt  '^t. 
These  nnmbers,  therefore^  represent  tb« 
elastic  force  of  the  vapors  «volv«<l. 

In  close  vessels,  from  which  tli<!r«  i» 
no  escape,  or  from  which  tlif;  M^(«<;  i* 
greatly  retarded,  a  &imisui\.\y  Muwim- 
lated  force  is  ^cnerauyl  wh'm  tl»*j  Urtit- 
pcratnre  is  r^sed.  TJiiik,  if  w«  pi^-M 
some  water  in  a  flask,  a,  J'^,  '4-i,  '\uUi 
whi(;h  a  tube,  b  J,  is  intterte'l  air-li^ht 
by  means  of  a  cork,  and  bent  in  the 
form  exhibited  in  th«  figure,  and  dip- 
Do  all  liqnUt  ezpuid  cqwdly  io  aHnning  the  Taporons  state? 
Hour  mw  Uie  dMue  force  of  vapors  be  nteaciued  br  tbe  banmu^* 
tsr?  wWia  tbe prioc^  involved 7  What  renlta  ftoai  1nA^n% 
ft  liquid  in  a  clow  venel  T  Beuribc  Ftg.  8&. 
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pins  nearly  to  the  bottom  of  the  flask,  on  the  appli> 
cation  of  a  B|)mt-lainp,  the  vapor  generated,  havuig 
no  passage  ot  escape,  accamnlates  in  tlie  upper  part 
of  the  fiask,  and,  exerting  its  elastic  force,  presses 
the  liqaid  through  the  tube  in  a  continuous  strenm. 
The  mechanical  force  which  thus  ariseB  "whon  every  av- 
enue of  escape  is  Btopped,  is  strilungly  exhibited  by  the 
Uttlo  glass  bulbs  called  candle-bombs.  These  are  small 
globales  of  glass  about  as  large  as  a  pea,  with  a.  neck 
an  inch  long;  into  the  iiiterior  a  drop  of  water  is  intro- 
duced, and  the  termination  of  the  neck  hermetically 
Fiy.  31.  sealed  by  melting  the  glass.  When 

\    \  i  !  /  ""^  of  these  is  Etuck  in  the  wick  of 

-  ,  ■  'i  I  z'/'^,--'  a  candle  or  lamp,  as  in  J^iff.  34,  the 
— ^^^^  vaporizes  a  portion  of  the  wa- 

^^^^^(^^ —    t^i"!  s"^^!  there  being  no  passage 
^    ~      through  which  the  steam  can  escape, 
/•"l"^         the  bulb  is  burst  to  pieces  with  a 
VHV         loud  explosion,  a  mechaoioal  foroe 
which  is  wonderful,  u  hen  we  connd- 
er  the  amount  of  water  employed.   It  is  a  miniature 
representation  of  what  takes  plaoe  on  the  luge  scale  in 
the  bursting  of  high-pressnre  steam-boilers. 

Marriotte's  law,  which  assigns  the  volume  of  a  gas 
aader  variations  of  pressure,  applies,  under  certiun  re- 
strictions, to  the  case  of  vapors.  A  permanently  elastic 
gas,  when  the  pressure  is  doubled,  contracts  to  one  half 
of  its  former  volume ;  if  the  pressure  be  tripled,  to  one 
third,  and  so  on ;  but  not  so  with  vapors.  If  upon 
steam,  as  it  rises  from  water  at  212°,  any  increase  of 
pressure  be  exerted,  this  vapor  at  once  loses  its  elastic 
tbrm,  and  instantly  condenses  into  water.  But  vapors, 
like  atmospheric  air,  if  the  pressure  upon  them  be  di- 
minished, follow  Marriotte's  Jaw.  Thus,  if  the  pressure 
be  reduced  to  one  half,  steam  at  once  doubles  its  vol- 
•  urae.  For  vapors,  Marriotte's  l;uv,  therefore,  holds  for 
diminutions  of  pressure ;  but  when  the  pressure  is  in- 
creased it  apparently  iails,  the  vapors  relapsing  into  the 
liqmd  form. 

That  the  elasticity  of  a  vapor  increase  with  its  tcm- 

What  is  the  constrnclion  of  a  candle-bomb  ?  Wlial  is  Murriotle's 
lav?  Docs  it  apply  to  Tn]>orR?  What  is  the  effect  jiioduccd  hy  in- 
cratdng  iho  prounro  on  a  vopor? 
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ng.ss.  perature  may  be  reiiJily  proved  by 

ta-kiug  a  tube  one  third  of  an  inch  in 
iliamuter,  .ind  30  iucLes  loug,  dosed 
al  one  end,  a.  Fig.  35,  with  ajar,  6, 
3in  inch  oi"  more  in  diameter,  and  30 
inches  deep.  Let  the  tube  be  filled 
witli  quicksilver,  so  as  to  leave  n 
Epace  of  hiilf  an  inch,  into  wLiich 
ether  may  be  poured ;  invert  tlie 
tiihe  in  the  deep  jar,  also  ccinlaiaing 
qiiidcsilver ;  the  etlier,  of  course, 
rises  to  the  other  dosed  extremity. 
If  the  tube  ho  lifted  in  the  jar  as 
high  as  possible  without  aJiuttting 
external  air,  a  certain  portion  of  the 
ether  ivill  vaporize,  and,  depressing 
the  quicksilver,  its  elastic  force  iiiiiy 
be  measwed  ty  the  length  of  tJitj 
resulting  column.  If  now  the  dosed 
end  of  the  tube  be  grasped  ir  lha 
LanJ,  or  if  it  he  slightly  ivarnied  by 
the  .t[]]j!i cation  of  a  lamp,  the  niei'- 
Gurial  column  is  at  once  depressed, 
proving  that  the  elastic  force  of  thu 
vapor  is  increasing.  As  sodq  aa  the 
liihc  is  ♦armed  to  the  boiling  point 
of  the  etheis  the  column  of  mercury 
is  depressed  exactly  to  the  level  on 
the  outside  of  the  tube.  At  this 
point,  therefore,  it  balances,  or  is  ec^ual  to  the  pressure 
of  the  air. 

Now  let  the  tube  he  depressed  in  the  jar,  it  will  bu 
seen  with  what  faciliiy  the  vapor  reaBsumes  the  liquid 
coudition.  As  the  tube  descends  the  vapor  condenses, 
and  the  mercury  keeps  constantly  at  the  Kume  levd^ 
On  raising  the  ttihe  fresh  portions  of  the  ether  vapor- 
ize, the  mercuiy  still  re:taining  its  height  above  tie  gen- 
eral level.  Tbero  is,  thereforo,  a  point  of  uuiximum 
density  for  each  temperature  when  the  vapor  ia  in  con- 
How  may  tho  relutinn  botwCEii  ihn  clasEiciCy  of  a  vnpor  and 
tempertiiure  be  sliown?  \V\\ai  effect  is  seen  on  ivnming  the  lulie, 
/Vj.  SIi  ?  Wilt  II  lilt  till  It  'n  "armed  to  tlio  boiling  prim  of  the  eliier 
what  is  iccnf 
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tact  with  the  liquid.  It  can  not  be  snrpassed  by  in- 
creasing tlie  pressure,  because  a  part  of  the  evaporated 
liquid  immediately  condenses,  while  a  decrease  at  press- 
ure causes  volatilization  of  a  fresh  portion.  Tlie  point 
of  maximum  density  riseB  with  the  temperature  of  the 
vapor.  The  density  of  air  at  212°  being  taken  as  1000, 
that  of  the  vapor  of  water  at  iti  maximum  deauty  will 
be  as  follows : 


Table  of  the  Maximttm  Density  of  Water  Vapor. 


Deniity. 

WelKht  al  lOn  cubkt  Incbea. 

32° 

ri.Goa 

.ISC  grains 

w 

10.298 

.247  " 

CO' 

14.108 

.888  " 

100= 

4G.500 

1.113  « 

IffO° 

170.203 

4.07G  " 

212° 

G25.00O 

I4.3G2  " 

The  tension  oi'  elasticity  of  all  vapors  is  nearly  the 
same,  if  compared  at  temperatures  which  represent  dif- 
ferences of  an  equal  number  of  degrees  above  or  below 
tlie  boiling  points  of  the  respective  liquids. 

By  exerting  severe  pressure  on  various  gases,  as  sul- 
phurous acid,  cyanogen,  chlorine,  carbonic  acid,  and  pro- 
toxide  of  nitrogen,  they  have  been  made  to  assume  the 
liquid  condition ;  but  otber  ^es,  as  hydrogen,  oxygen, 
and  nitrogen,  may  be  ezpoa^  to  a  pressure  of  5  8  atmos- 
pheres, and  cooled  to  —140°  without  liquefying.  Air  has 
been  reduce  by  pressure  to  of  its  volume,  and  sub- 
jected toabatb  ofether  and  solid  carbonic  a(ad(— 166°) 
without  changing  its  form. 

What  ia  meant  by  the  maximum  dendty  or  a  vapor  ?  What  cf- 
fi-ct  hns  seme  pressors  on  certain  gawi  ?  Give  exampliu.  Can  nil 
gases  bo  liquefied  ? 
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LECTURE  XT. 

EBtriiiTiON. —  Theory  of  Boiling. — In  a  close  Vessel 
Water  nener  Jloils, — JSff'ect  of  Air  in  Bolting  Water. 
— Instantaneous  Condensation  of  Water. —  VaHahil- 
ity  of  the  Jioi/in;/  Point. — IJfeet  of  Pressure. — Ef- 
fect of  ^/l■e  Nature  <f  the  Ye»sel.- — i^aline  Solulioim. 
— BoiCiiif/  on  Mountains. — !<pheroiilal  Staie  of  Li- 
qui*h. — M-eezinff  i/i  a  red-hot  Vessel. 

By  introdueing  different  liqnifla  into  a  tube  arranged 
as  representd  iu  Fiy-  ^5,  ive  can  prove  that  as  Boon  as 
the  boiImg»poiut  of  a  liquid  is  reacLed,  the  elastic  force 
of  the  vapor  rising  from  it  is  equnl  to  ibo  pressiive  of 
tlje  atr.  At  a  lcm])eraiiire  of  80°,  vajjor  of  water  will 
depress  tliG  mercurial  column  of  a  barometer  about  one 
indi ;  but  if  ibe  tempcratut-e  be  raised  to  212°,  the  mer- 
cury is  at  oDcc  (lepi'cssed  to  the  level  in  the  cistern. 

On  tliese  princij)li?s,  tlie  pheuomena  of  boiling,  or  obnl- 
lition,  are  easily  expliiined.  AVhen  the  temperiituro  of 
Ji  liquid  ia  raised  siiflicieiiLly  liigb,  vapor  ia  rapidly  gen- 
erated from  those  portions  of  the  nifiss  which  are  hot- 
test, and  the  violent  motion  characterized  by  tlio  term 
boiling  ia  the  result.  This  ia  due  to  the  fact  tbnt  the 
clastic  force  of  the  generated  vapor  at  that  point  iB 
cpial  to  the  atniospleric  pressure,  and  the  vapor  bub- 
bles expanding  cnn  maintain  themselves  in  the  liquiil 
ivithoHt  being  crushed  in ;  tlicy  rise  to  the  surface,  and 
lliyre  burst.  But,  just  before  ebullition  takea  place,  a 
singing  Bound  is  often  heard,  due  to  the  partial  forma- 
lion  of  bubbles,  which,  so  \on^  as  they  arc  in  the  neigh- 
borhood of  the  hottest  part,  liiivc  elasticity  enough  to 
maintain  theii'  form;  but  tlio  monieut  they  attempt  to 
rise  through  tho  cooler  portion  of  the  liquid  just  above, 
their  elasticity  iB  diminished  by  their  dedino  of  tcmper- 
ntnro,  and,  tho  atmospheric  pressnro  crnsliing  them  in, 
they  resuinc  the  liquid  condition.    For  a  few  moments, 

TVTiat  is  [Iio  Dlaslic  force  of  a  tdjiof  (rt  ihe  boillnj;  jmint?  Whflt 
is  Ilie  elaslii;  force  of  vapor  of  wnter  nl  80"  and  nl  313°?  Dcscrilio 
Ilic:  iiliC'iiniDcna  r>f  lioillng.  "WLai  is  ilie  iint'iiig  sooncl  previous  le 
ebnlliliou  iliie  tiiF 
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then,  -while  the  vapor  has  not  gathereci  elastic  force 
enough  to  miuntaiti  its  condition  perfectly,  these  bub- 
bles are  transiently  formed  and  disappear,  and  the  liquid 
is  thrown  into  a  vibratory  movement,  which  gives  rise 
to  the  singing  sound. 

Water,  when  heated  in  a  vessel  from  which  the  steam 
can  not  escape,  never  boils.  This  takes  place  in  the  in- 
terior of  Papin'a  Digester,  a  strong  metallic  vessel  in 
which  water  is  inclosed,  and  the  orifice  through  which 
it  was  inti'oduced  fastened  up.  As  the  steam  can  not 
esc^e,  the  water  can  not  boil,  no  matter  what  the  tcm- 
perature  may  be;  bat  the  vapor  accnmnlating  in  the 
interior  of  the  vessel  exerts  an  enormons  pressure.  It 
is  under  the  same  conditions  as  were  considered  io  the 
case  of  candle-bombs.  Papin's  Digester  is  nsed  to  effect 
the  solution  in  water  of  bodies  which  are  not  acted  on 
readily  by  that  liquid  at  its  common  boiling  point. 

The  presence  of  air  assists  the  boiling  of  water ;  in- 
deed, pure  water  can  not  boil  at  all.  When  the  air  ia 
nearly  expelled  by  heating  in  vacuo,  the  temperature 
■will  rise  to  360°  in  an  open  vessel :  a  sudden  burst  of 
vapor  will  then  often  shatter  it.  Slowly-frozen  ice, 
heated  under  oil,  acts  in  the  same  manner.  When  a 
liquid  has  but  little  adhesion  to  air,  as  iu  the  case  of 
sulphuric  acid,  a  bumping  or  irregular  boiling  is  seen. 
As  a  vapor  rising  from  a  vaporizing  flnia  will  bear 
gig.u.  no  increase  of  pressure,  so  ndtber 
will  it  bear  any  reduction  of  temper- 
atnre  without  instantaneoufilv  con- 
densing. This  may  he  strikinglpr 
shown  by  an  arrangement  such  as  is 
represented  in  J?^.  36.  Into  the 
mouth  of  a  flask,  a,  let  there  be  fltted 
a  tube,  d,  half  an  inch  in  diameter, 
bent  as  in  the  figure.  Having  intro- 
duced a  little  water  into  the  flask, 
cause  it  to  boil  rapidly  by  the  ap- 
plication of  a  spii  it-lamp.    The  steam  which  forms  soon 

What  rcEulis  in  heating  water  in  a  close  n^ssel  ?  Describe  Papin's 
DtgeMsT.  WbjdoeB  not  the  water  in  It  boil  r  Whiit  efil-ct  Iins  the 
nir  in  vatcr  onfaoilinef  Whnth  tlia  efibct  on  Btcnm  of  ri'iluclion 
of  lemperatuTB?  How  la  tUa  dunrn  hr  the  ioatratncnt  ri'i-rciEcnted 
in  Fig.  80? 
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drives  tlie  almosplierifl  airfrom  tiie  fliisk  and  tube;  and 
when  this  ia  entirely  completed,  and  tho  vapor  issues 
abiuidaiitly  fi'om  tlie  month  of  tlio  tube,  plungo  the  end 
of  the  tiilic  beneath  some  cold  water  contained  \a  the 
jar  c,  and  t:it<!  away  tho  lamp.  As  soon  as  this  is  done, 
the  cold  water,  coudcnsing  the  Btunm  iii  the  tube,  rises 
to  oecnpy  ils  place,  and  presently  passing  over  the  benO, 
intrathiues  itself  with  surprising  violence  into  the  inte- 
rior of  the  flask,  filhng  it  entirely  full,  or,  which  more 
commonly  talipes  place,  breaking  it  to  pieces  with  the 
force  of  the  shook.  The  low-pressure  engine  depends 
on  this  fact  of  tho  rapid  condensibility  of  vapor ;  the 
high-pressure  engine,  on  ils  elastic  force. 

Tho  principle  invoWed  in  tho  action  of  J'la-Sl- 
tlic  lo\v-prcS5«ro  engine,  and  more  especial-  ^ 
ly  that  form  whicli  w-sa  the  invention  of 
Newctitiien,  is  wuU  ilUistrated  hy  the  in- 
strumtjnt  J^f'j?,  37.  It  coosists  of  a  glass 
tube,  blown  into  a  bulb  at  its  lower  ex- 
tremity. Ill  the  bulb  some  water  is  phiceil, 
and  a  piston  slitics  without  leakage  in  the 
tabe.  On  liokiing  the  bulb  in  the  flume 
of  a  H|iii  ii-lanii),  Hteani  is  generated,  and 
the  piston  forced  upward.  On  dipping  it 
in  a  basin  of  cold  water,  the  s  team  con- 
denses, and  the  piglon  is  depresse<1,  and 
this  action  may  be  repeated  at  pleasnre. 

As  tho  prt^ssura  of  the  atmosphere  de- 
termiiiea  the  boiling  paint  oi'a  liqnid,  and  aa  iSiat  press- 
ure ia  variabh',  the  boiling  point  ia  not  fixed,  but  is  va- 
riable. If  a  glaas  of  warm  water  be  placed  beneath  the 
receiver  of  an  air-pump,  when  the  rarefaction  lias  reach- 
ed a  certain  point  ebulhlioii  sets  in,  nod  llio  water  con- 
tinues to  boil  at  a  lower  temperature  ua  the  eshanstion 
is  more  perfect.  In  a  vacuum,  water  can  bo  made  to 
boil  at  32°. 

On  tills  principle,  that  the  boiling  point  dependa  on 
the  existing  pressure,  we  find  an  explanation  of  a  cu- 

What  clTect  i!  pTfKliiced  liy  tlio  rapiJitj'  of  fOTidciisiitimi  ?  Dti 
what  ijrnjjerly  of  vapur  Joes  iLe  low-preasurc  cngiiie  ilepcnd?  Oti 
wliiit  tho  high-prcssnr-e?  DtacHbo  tliE  insiruinent /"i^,  37.  Whoc 
cffsQl  litis  ratcniction  of  ihc  air  on  lha  bailing  poinl?  At  wliat  tcia- 
^Kvntntc  tuny  wiiier  boil  in  a  racutiin? 
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rioos  experiment,  called  tbe  calinary  paradox,  in  which 
fiMK  ebidlitaon  is  appiuvntly  broiu;ht  aboat  by 
ttie  application  of  cold-  Tale  a  flask,  a. 
Fig.  38,  and,  liaving  filled  it  half  fhll  of  wa- 
ter, cause  the  water  to  boil  violently  bo  as 
to  expel  the  atniospherio  air;  introdnce  a 
cork  which  will  fit  the  mouth  of  the  flask 
air-tight  a  moment  after  it  is  moved  from 
the  lamp,  and  before  any  atmospheric  air 
has  been  introduced.  If  the  fiask  be  now  dipped  into  a 
jar,  h,  of  cold  watei",  its  water  begins  to  boii,  and  will 
continne  to  do  so  until  the  temperature  is  reduced  quite 
low.  Tills  phenomenon  is  due  to  the  fact,  that  tbe  cold 
water  condenses  the  steam  in  the  flask,  and  a  -partial 
vacnum  is  tbe  result.  In  this  partial  vacuam  the  water 
boils,  and  the  steam,  as  fast  as  it  is  generated,  to  con- 
densed by  the  cold  sides  of  the  flask. 

BesideB  this  variation  of  the  boiling  point  n'ider  va- 
riation of  pressure,  the  nature  of  the  vessel  in  which  the 
process  is  carried  forward  exerts  a  certain  action ;  tfaas, 
in  a  poIiBbed  glass  vessel  the  boiling  point  is  214°,  but 
if  ,1  pinch  of  met.illic  iilings  be  put  in,  it  falls  to  212°; 
in  a  rough  metal  vessel  it  is  212  .  If  the  glass  has  been 
carelully  cleaned  with  hot  sulphuric  acid,  water  may  be 
heated  to  221°,  and  then  boiling  takes  place  witli  bursts 
ofsteam,  the  temperature  each  time  falling  to  212",  The 
preseneo  of  oil  elevates  the  boiling  point  three  or  four 
degrees. 

The  solution  of  a  salt  in  water  elevates  the  boiling 
point  by  the  influence  of  adhesion,  and  more  in  propor- 
tion as  the  amount  of  salt  is  larger,  A  saturated  solu- 
tion of  chloride  of  calcium  boils  at  355°,  of  acetate  of 
potassa  at  336°,  of  nitrate  of  lime  at  304°,  of  common 
salt  at  227°.  In  certain  monnttunons  regions  meat  can 
not  be  cooked  by  the  ordinary  process  of  boiling.  As 
wo  ascend  to  elevated  regions  in  the  air,  the  atmospher- 
ic pressure  becomes  less,  because  the  column  of  air  aoovo 
13  shorter,  and  therefore  there  is  less  air  to  press.  Un- 
der such  circumstances,  the  boiling  point  of  water,  of 
course,  descends,  and  may  become  so  low  as  not  to  bring 

Describe  tho  culinary  paradox.  What  effect  has  the  nnlnro  of 
tlio  TctMl  on  the  boilinp:  point?  WhM  ettea  has  the  prcBcnce  of 
«nlt  f  YDxj  i>  it  impowblo  to  cook  meat  on  high  mountuns  1 
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about  tlio  specific  changa  TcqnireA  in  llie  cooking  of 
meat.  An  ascent  of  596  fet;t  lowers  tbe  boiling  poiut 
one  degree.  Upon  this  principle  we  can  detovniine  the 
altitude  of  accessibie  elevations,  by  <3e termini] ij;  the 
thenuonit'tric  poiut  at  which  water  boils  upon  "them. 
A  peculiar  tliermonieter,  tlie  bypsometer,  haa  been  in- 
vented for  this  purpose. 

When  a  drop  of  water  is  pJiiccd  on  a  rpd-hnt  polished 
inctnllic  Gur'fnce,  it  docs 
not,  ns  might  be  expect- 
ed, commence  to  boil  rnp- 
idly,  but  remains  perfect- 
ly qniesceut,  gathering  it- 
BoU'up  into  a  globule.  In 
3fl,  S  represents  a 
heated  metallic  basin, 
turned  iipsicle  don-il,flnd 
sliglilly  indcDtciJ  at  the 
bottom,  so  as  to  permit  a 
drop  of  a  mixture  of  inlc  and  jilcoliul,  (/,  to  vest  tJiero. 
li'  ihe  metal  be  now  allowed  to  cool,  Tjy  witbdrawintj 
the  s[iirit-lainp  as  soon  as  temperature  lias  reached 
a  certain  poiut,  llie  drop  is  suddenly  dissipated  in  a  burst 
of  vapor.  The  tumperatnre  lo  whidi  it  is  ut^cessary  to 
licat  the  metal  varies  n-illi  llie  liquid  employed,  being 
loivev  .IS  the  boiling  point  is  lower,  and  :is  the  latent 
heat  ia  less.  Water  requires  at  least  340°;  alcohol, 
273°;  ether,  142".  The  liquid  remaius  from  .5°  to  T' 
below  its  boilings  point.  The  explanation  of  lliia  pbi-- 
nomenon,  which  called  the  spheroidal  state  of  ji  Ii(]uid, 
ia  that,  at  the  high  temperature,  the  drop  is  not  in  con- 
tact  with  the  red-hot  sm-(ace,  but  a  <!usbioii  of  steam  in- 
tervenes.  By  bringing  the  eye  to  the  level  of  the  bot- 
tom of  the  drop,  a  bright  object  beyond  may  be  seen 
ibrongh  tlie  interval.  The  steam,  being  a  bad  conduct- 
or, preven.ta  ebullition  from  occurring;  but, as  soon  ;is 
the  teiiipera.ture  declines  and  this  Eteara  no  longer  propa 
u|)  the  drop,  an  explosive  ebullition  ensues,  bccnnse  of 
the  contact  wbidi  has  taken  jilaue.    The  hand  can  be 

Wliiil  number  of  ftet  miisl  nc  nsicnirl  io  lovrcr  tlio  boilinc  point 
one  ilpj:ici>?  Ilmv  may  (lie  lieigiit*  "f  ninunrnine  bo  c3elermine<l  tin 
thin  princi I'lc ?  T>e5iTihii  wliat  mciiiil  i>y  ilie  sjilipreiilal  Wftlc  <if 
liquids.    Wlntt  ia  ilie  fxi  laiiniiim  iit'  rliU  I'lmiJiiinn  ? 
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passed  throngb  molten  cast-iron,  in  conseqnence  of  the 
THDt  of  actual  contact  between  the  Bkin  and  metal,  ow- 
ing to  the  vaporization  from  its  moist  snrfaoe.  If  liqoid 
smphnroas  a!rad  be  broaght  into  the  spheroidal  oondi- 
tjon  in  a  red-hot  plaUimm  capsule,  and  water  dropped 
upon  it,  ioe  will  be  instantly  formed. 


LECTURE  Xn. 

yAPOB]ZA.Tioy.  —  The  Soiling  Point  rises  with  tha 
Pressure, — Rdaiion  bettoeen  InsmsUtle  and  Sensible 
Seat. — 77te  Cruophorm. — JFi-eezin^  WiUer  in  Vacuo. 

— Freezing  by  Evaporation.  —  Variability/  of  Moist- 
ure in  the  Air. — Hygrometers  :  Saussure's,  DanieWa^ 
the  Wet  BiOb^jDr^ng  of  Gases. 

Undkb  an  increase  of  pressm-e  the  boiling  point  rises, 
and  the  elastic  force  of  the  steam  evolved  becomes 
greater.  As  we  have  seen,  tlie  elastic  force  of  steam 
from  water  boiling  at  212°  is  eqaal  to  the  pressnre  of 
one  atmosphere.  If  the  pressnre  be  doubled,  the  boil- 
ing point  naes  to  250° ;  it  quadrupled,  to  291°,  and  un- 
der a  pressure  of  fifty  atmospheres,  it  is  510°. 

These  results  may  be  established  by  the  aid  of  the 
Fig.ia.        boiler,  a,  represented  in  Pig.  40.    It  is  a 
globular  vessel  of  brass,  about  three 
inches  in  diameter.    In  its  upper  part 
are  three  perforations,  into  one  of  which 
the  stopcock,     is  secured;  through  the 
second  a  tube,  c,  is  inserted,  deep  enough 
to  reach  nearly  to  the  bottom  of  the  boil- 
er, and  through  the  third  a  thermometer, 
d,  is  introduced.    Some  quicksilver  is 
poured  in,  sofiicient  to  cover  the  end  of 
tho  tube,  e,  half  an  inch  or  more  deep, 
and  upon  it  water  is  ponred,  the  bulb  of 
the  thermometer  being  immersed  in  it.    The  stopcock, 
ft,  being  open,  a  spirit-lamp  is  applied  to  bring  the  wa- 
ter to  its  boiling  point,  and  as  the  steam  can  freely  pass 

How  may  ioe  be  formed  in  a  red-hot  vessel  ?  What  effect  has  in- 
creoMd  presaare  on  the  boiling  point  of  water  1  DcBcribs  Fig.  40, 
and  its  motbod  of  action. 
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oat,  this,  of  coarse,  takes  place  at  212°.  On  closing  the 
stopcock  the  steam  can  no  longer  escape,  but,  exerting 
its  elastic  force  on  the  surface  of  the  boiling  liquid, 
presses  the  mercury  up  the  tube,  c.  The  altitude  of 
the  mercarial  column  measures  the  amount  of  this  press- 
ure, and  the  thermometer  indicates  the  corresponding 
obange  in  the  boiling  point ;  as  soon  as  the  pressure  is 
equal  to  two  atmospheres  the  thermometer  will  be 
found  to  have  risen  to  250°. 

It  ia  immaterial  at  what  temperature  vaporization  ia 
carried  on,  a  very  large  amount  of  heat  must  always  bo 
rendered  latent ;  and,  iu  point  of  &ct,  vapors  generated 
at  a  low  temperature  contain  more  latent  heat  than 
those  generated  at  a  high  one.  The  relation  which  ex- 
ists in  the  amount  of  heat  rendered  latent  at  different 
temperatures  is,  according  to  Watt,  very  simple.  The 
sum  of  the  insensible  and  sensible  heat  is  always  the 
same;  thus,  water  boiling  at  212°  absorbs  966°,  the  sum 
being  1178°;  but  vapor  from  water  at  32°  contains 
1146°,  the  sum  again  being  1178".  But  Regnanlt  has 
shown  that,  although  iu  practice  the  rule  works  well, 
yet  that  it  is  not  strictly  correct,  the  latent  beat  not  de- 
creasing as  fast  as  the  sensible  heat  inoreasee.  At  8 
atmospheres  the  sum  of  the  two  is  1216°,  instead  of 
1178°,  the  boiling  point  being  340°. 

The  increase  of  elasticity  by  eqnal  additiooB  of  beat 
is  ^ater  at  high  than  at  low  temperatures,  and  this 
renders  the  employment  of  bigb-{>ressnrc  engines  more 
economical.  But  it  is  only  when  in  contact  with  water 
that  this  increase  is  seen ;  dry  steam  follows  the  general 
"law  of  gases. 

When  vapors  return  to  the  liquid  condition,  the  heat 
which  has  been  latent  in  them  reassumes  the  sensible 
form.  They  may  thus  be  regarded  as  containing  a  great 
store  of  heat,  of  the  effect  of  which  many  natural  phe- 
nomena furnish  us  with  examples.  Thus,  thoi'e  is  a  re- 
markable difference  between  the  climato  of  the  eastern 
coast  of  America  and  the  opposite  European  coasts  in 

What  is  tho  boiling  point  under  a  pressure  of  two  atmospheres? 
What  ia  the  relation  hetween  the  ainonnts  of  latent  heat  at  dlffbrenc 
tetnperatnTea  of  vaptnization  F  Docs  the  claMidtyefrapon  increase 
irith  rcgnlaritv  ?  When  vapors  liqneff,  what  becomes  of  their  latent 
heiit? 
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the  siinie  ktitinle,  and  tliia  arises  from  tlie  nation  of  tlie 
Gull'  Stream — a  greiit  stieam  of  wanu  water,  wliicli,  is- 
Riiiiig  from  the  Giilf  of  Slexico,  nnd  passing  tlie  Ati&D- 
tic  SlatPf,  stretcliea  ncros3  toward  tlio  European  conti- 
nent. The  vapors  which  arise  frosii  it  give  forth  their 
Intent  hojit  to  tlio  air,  and  llie  aouilnvest  winds,  wliidi 
are  therefore  damp  and  warm,  moderate  the  climates  of 
those  countries. 

The  cryoplionis,  or  frost-bearer,  invented  by  Wollas- 
tou,  ill  ■wbicli  water  may  be  frozen  by  the  cold  produced 
by  its  own  fivaporation,  depcTuls  for  its  neliou  on  the 
laws  relating  to  latent  heat.  It  is  represeulcd  in  J-\if. 
41,  and  consists  of  a,  bent  tube  half  au  inch  or  more  in 


PVn.  41. 


diameter,  with  a  bulb  at  tacli  extremity;  the  left-hand 
bnlb  ia  filled  one  half  with  water,  and  the  rest  of  the 
S]>acc,  with  the  tube  and  iho  other  bulb,  is  filled  with 
tlii3  vapor  of  wnter  only.  Lfnow  the  right-hand  bulb  be 
immersed  in  a  freozidg  niixtiire  of  nitric  rlcid  and  snow, 
iillliough  the  lube  may  be  of  qoiisid«?rable  length,  the 
wiU.ei'  ill  the  distant  bnlb  presently  freeKcs;  hence  the 
nntne  of  tlie  instrument,  frost-bearer,  because  cold  ap- 
plied at  ouc  point  produces  a  freezing  effect  at  another 
which  is  at  !i  distance.  The  action  is  simple:  in  the 
cold  bulb,  which  is  in  contact  with  the  freezing  miic- 
ture,  the  vapor  ia  condensed,  fresh  quantilies  riso  with 
mpiiiity  from  tho  water  in  the  other  bulb,  to  be  in  their 
turn  condensed ;  a  ciontinual  condensation  tlierefo™ 
s."iL'H  on  in  the  one,  and  a  continual  evaporation  in  ihe 
ntlicr,  but  the  vapOT  thus  formed  must  have  heat  ofoln*- 
licity  ;  it  oljtaina  it  from  the  water  from  which  it  ia  ris- 
iu[r,  the  temperRtui-Q  of  which,  therefore,  descends  until 
soliili  ficntion  takes  place. 

Whnt  efleotllnft  rliQ  GiiLf  Strenm  on  t1ie  olimafe  of  Eui-filn'  ? 
siiribfi  iho  constiuotwn  of  llio  tryoplioriis.     What  is  tlic  piiiii'iiiie 
(iFilsnctinnV 


KVAPOttATlON  I'SODUOIIS  COLD. 


61 


Leslie's  process  for  freeziug  water  io  vacuo  by  its 
own  evaporation  is  an  example  ot'tho  same  kind.  If 
some  water  iu  a.  watch-glass  be  plaoed  in  an  cicliaiisted 
receiver,  with  a  l.irgo  siivlace  of  sulphuric  acid,  aa  fast 
as  va]tor  rises  it  ie  condensed  hy  the  acid,  a  rapid  evap- 
omtion  of'  the  water 
therefore  takes  pliice, 
the  temperature  falls, 
and  congelation  en- 
sues. In  Mg.  42  this 
appnrntiis  is  represent- 
cd.  T  ia  the  w.itch- 
glass,  containing  wa- 
ter, S,  a  wide  dish, 
fillec^  with  siilphurio 
acid,  and  P,  a  low  bell- 
jar,  ill  which  the  ex- 
haustion 13  niitde, 

A  drop  of  pruaaic  noid  held  in  llie  air  on  the  tip  of  a 
rod  solidifies,  the  portion  that  ev.iporateB  obtaining  its 
latent  heat  from  the  portion  left  behind ;  and  on  the 
same  principle  liquid  carhonie  neidcan  also  be  solidified. 
If  a  drop  ol'  w.iitei'  be  placed  between  two  watch-glasses, 
and  a  little  ether  poured  into  the  upper  one,  on  putting 
it  under  an  exhausted  receu'ci'  the  ether  will  boil,  and 
the  two  glasses  freeze  together. 

Tiie  pulse-glass  ia  an  instrument  which  serves  to  il- 
lustrate the  fact  that  evfiporation  ia  a  coolinjr  proecsR. 
It  consists  of  a  glass  tube  benl.  twice  nt  right  lUij.'Jp!', 
and  terminated  by  bulbs,  .^8  pii/  n 

in  Fig.  43.  It  in  partially 
tilled  with  alcoliol,  the  rest 
being  occupied  by  va])or  of 
th.it  siibstiince.  On  grasp- 
ing one  of  tlie  bulbs  in  the  harnl,  the  warmth  is  sufficient 
to  boil  the  liquid,  and  as  it  distils  over  into  the  other 
bulb  ail  impression  of  cold  is  felt. 

The  ajnonnti  of  watery  vapor  contained  iu  the  air  is 
v-ery  variable.  'Many  common  facia  prove  this.  The 
swelling  of  wooden  fin'iilmre  mkus  pl.ice  in  conscfinencB 

Descrilje  Lcxliu's  [iroffes  for  freezing  wntcr.  Will'  does  liquid 
lirnssic  nclJ  fiolidifv  wlipn  espospil  (n  the  air?  Tlow  mnv  wiitcr  ^o 
frnzBn  lij  [lie  aiil  of  filicr-*    Desi'ritic  the  [mlBc-jjluss. 
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of  damp  weather,  and  the  opposite  effect,  or  its  shrinks 
ing,  occurs  daring  dry.  Several  instramenta  have  been 
invented  to  determine  what  the  amount  is  at  say  time ; 
they  are  called  hygrometers. 
Saussure's  hycroineter  consists  of  a  hnman  hair  8  or 
10  indies  long,  f>  c,  I-'lg.  44,  fastened  at  one 
end  to  a  screw,  a,  and  at  tbo  other  passing 
over  a  pully,  c,  being  strained  tight  by  a  ailk 
thread  and  weight,  (/.  From  the  pully  there 
goes  an  index,  which  plays  over  the  gradaated 
scale,  e  e',  so  that  as  the  pully  turns  through 
the  shortening  or  lengthening  of  the  hwr  the 
index  moves.  The  instrnment  is  graduated 
to  correspond  with  others  by  first  placing  it 
under  A  bell-jar,  with  n  dish  of  sulphuric  arad, 
or  oth'er  snbstiinpe  having  an  affinity  for  wa- 
ter, which,  absorbing  all  the  moisture  of  the 
air  of  the  bcll,  brings  it  to  absolute  dnmess.  The 
point  at  which  the  index  then  stands  is  marked  0°.  The 
nygi'ometcr  is  next  placed  in  ajar,  the  interior  of  wbich 
is  moistened  with  water ;  when  the  index  bos  agun  be- 
come stationary  the  point  is  marked  100°,  and  the  io- 
terveuing  apace  divided  into  100  equal  parts.  The  hair 
should  have  its  oily  matter  reinovud  by  soaking  in  sul- 
phuric ether.    This  renders  it  more  sensitive. 

There  is  a  simple  and  ingenious  instrument,  the  move- 
ments of  which  depend  on  these  principles:  it  is  repre- 
f^4K  sentcd  in  Fig.  45.    A  thin  slip  of 

j»  pine  wood,  aa,  out  across  the  grain, ' 
a  foot  long  and  an  inch  wide,  baa 
inserted  into  its  comers  four  nee- 
dles, all  pointing  in  one  direction  backward.  If  this  in- 
strument be  set  upon  a  floor  or  fiat  tabic,  in  the  course 
of  time  it  will  crawl  a  considerable  distanco.  Daring 
dry  weather  the  thm  board  oonUncts,  and  the  two  ibro 
legs  taking  hold  of  the  table,  the  hind  ones  aro  drawn 
up  a  little  space;  when  the  weather  turns  damp  the 
board  expands,  and  now  the  hind  legs,  pressing  ag^nst 
the  table,  cause  the  fore  ones  to  advance.  Every  change 
from  dry  to  damp,  or  the  reverse,  produces  a  walking 

Whiit  ji  n  hypromeipr?  Dcscribo  Sniissiire'R  hyETomeier.  How 
U  Snnffnrp'H  iTyji^wetpr  prndnnlpil?  What  Ih  tlie  c^nftniclion  of 
tliL'  iiiiilraiDciit ''V-KT    Ih'K.'rilia  ita  method  of  nulion. 
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nKitiun  in  a  continuous  divcction,  and  the  distaiico  pass- 

overis  avGgistcv  of  ttie  i^um  total  of  fill  tbeee  cbniij^e. 

But,  of  sill  liygrometric  tnetliods,  the  process  known 
as  "the  determination  of  tho  dew  point"  is  the  most 
philosophical.  This  ttidtliod  OOfisists  in  cooling  llie  air 
until  it  begins  to  deposit  moisture.  WLen  there  is 
much  moisture  in  the  air,  it  obviously  requires  hut  a 
slight  diminution  of  tlie  tompemtHrti  to  cause  n  portion 
of  the  vapor  to  deposit  as  a  dew;  but  when  the  uir  ia 
dryer,  the  cooling  iniist  he  carried  to  a  greater  extent. 
The  precise  tberrnoTDetric  point  nt  which  the  raoiature 
tcffins  to  dop03.it  is  culled  the  dew  point. 

Daniell's  liygrotiiGtcr  afibrds  a  ready  and  beautiful 
mctthod  of  determining 
lli(f  dew  point.  It  con- 
fiista  of  a  oryophoms, 
«  c  J,  Ml/. 46,  the  bulb  /- 
"being  made  of  bbck 
glass,  and  a  covereil 
over  with  muslin.  Tlio 
"bulb  d  eontfiins  ether  in- 
stead of  wnter,  and  into 
it  there  dips  a  very  del- 
ienle  tbermonioter,  rf. 
TJsually  .mother  iher- 
mometer  is  atE.tcd  to 
the  stand  of  the  in-strn- 
nient.  When  a  Jlttlc 
ether  is  poured  on  a,  by 
il9  evaporation  it  coola 
that  bulb,  aiid  ether  dis- 
tils over  iVoiu  ft,  which, 
of  course,  becomes  cold.  After  n.  time  the  temperature 
(if  6  sinks  to  the  dew  point,  and  that  l)nlb  beconaes  cov- 
ered with  a  dew.  Tlie  tbernioineter,  rf,  then  shows  at 
what  temper.iture.  this  taVea  place,  and  of  course  gives 
the  dew  point.  Knowing  the  temperature  of  the  air, 
the  dew  point,  and  the  barometric  pressor?,  the  abso- 
lute nmoTint  of  vnpof  can  he  determined  by  ealeulalioti. 

The  iimojint  of  cvapovaliou,  and  its  yreat  vanatioH  at 


Wlmi  ii!  mijLini  bv  'Iniprminiiliira  nf  ilie  dciv  [loitil?  DeBcrilio 
D.uiidl'a  hj^.tfiiiiwr.    How  h  ii  iisi^J'i" 
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(l  iffui  ojit  soasoua  of  the  year,  is  sliowii  by  tlie  fullowinff 
1.1  Ud: 


ll-OUl  TlilU)HIRllUrB. 

■•oiDt. 

Anmial         4a  =".88 

Sumraijr   C2°.21 

Winlcr   S8°.'Ja 

7,  lUG  giilla.  [>er  ncre 

0,450  '■ 

The  wci  bulb  liys^mmeter  coii- 
siatB  of  two  mei'cnrial  thertnora- 
sters,  S  S,  wliiub  exactly  corrtj- 
spornl.  Tho  ljulb  of  one  of  theiu, 
b,  Fii/.  47,  is  (joverecj  with  miisiiri, 
and  kept  constnnlly  wi't  by  water 
stipplietl  from  a  reservoir,  A  c, 
by  cnpillary  attraiilion  alon^  a 
thread,  e,  Tlie  other  bulb  is  cot- 
Grcd  with  dry  muslin.  Owing 
to  the  evaporation  from  tho  wet 
bulb,  its  temperature  will  be  low- 
er than  the  dry  one,  and  this  in 
proportion  to  llie  rate  of  evnporn- 
tion  or  tho  dryness  of  the  adja- 
cent air.  M^^is  the  sii|iporlitig; 
sLaud.  If  both  tEi(;rrnonieters,  tho 
wet  and  the  dry,  coincide,  llie  air 
contains  moisturtj  Tit  its  lunxiintini 
density,  and  llie  greater  tlie  dif- 
ference between  theni,  tho  dryer 
tlio  air.  In  practice  il  ia  fonnJ 
that  this  instrument  rettuireB  a  va- 
riety cif  (!orrectiona  to  ascertain 
tlie  Aew  point,  tlie  difference  be- 
tween tho  tivo  thermometers  be- 
ins  fKultiplit'cl  by  a  number  which 
varies  with  tlic  actual  tcnipera- 
tnre. 

It  is  frequently  necessary  to  re- 
move moisttiro  from,  air  or  gasew. 
This  nmy  be  done  by  conduetinji 
them  through  tubes  containing 


ppiH-rilia  |ha  wet  Imlh  ln-ernmtti-r,  Wliiit  N  iu  principla  of  n<^- 
lion?    Maw  riiny  ijiibm  !«■  frui-iX  finm  m.Mfli iipo ? 
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bodies  liaviiig  a  strong  attraction  for  water,  such  as 
chloride  of  caJciiim,  BiilphLiric  or  phosphociuacide.  Such 
nn  arrangement  is  shewn  ill  I^i};,  -1)?,  in  whicli  A  is  the 


Fig.  4a. 


Itottli;  ill  wliit:ii  llie  gas  ia  geiici-ated ;  II,  a  IjciiL  tube 
witli  chloride  of  calcium ;  D,  a  bulb  containing 
iitaierial  on  wliich  the  dried  gas  is  to  iiut;  and  C  C, 
caoutchouc  ooauecting  pieces. 


LECTTJRE  XIII. 

Evaporation  and  Isterstitiai.  Radiation. — Dnmas's 
Method  of  ascertaimng  the  Specific  GravUij  of  Va- 
j}Qre. — Iia]nility  of  Evaporation. —  Cojitrol  of  Tem- 
~aliire,  I)rj/ntss,  SlillneM,  l*ressitre,  ami  /Surface, 
''thnit  of  lEiiaporatioii. —  Conduction  of  Soltek. — 
Diff-'ereiice  among  Mtlals. — Eff-'ect  ofWire-Gaiizc  on 
FlaniE. — Ej^pimiatim.  on  the  Dynamietil  Tlteory  of 
Heat. — Rumfor^a  Ej^pei'lmcnts  on  Clothing. 

Thk  specific  j^ravity  of  vapors  may  lie  deterinlncd  in 
several  viays.  The  method  of  Dumas  consists  in  weigh- 
ing n  glass  globe  filled  with  the  vapor  to  bo  tried.  A 
portion  of  tlic  substanca  is  to  be  introduced  into  the 
jflobe,  A,  Firj.  49,  tlic  weight  of  which  is  first  determ- 
ined, and  this  is  then  held,  as  shown  in  the  figure,  by 
a  handle,  C,  in  n^  bath  of  fusible  metal,  placed  over  a 
Hm:ill  furnace.    The  heat  of  the  melted  metal  vaporizes 

DescrilM!  tlio  «ii|"ini[ii»  ni/.  tfl,  llcffi'ibe  Dnmas's  metliod  of 
ilolpriiiifiiiig  llia  sjiTilit'  i;rmir_v  of  viipoK. 
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peraliiro  of  any  poi-tion  of  it,  le  aiTangod  a  vessel  main- 
taiued  unit'ovmly  at  a  low  temperature,  in  conEection 
wilii  the  cylindiir  of  the  engine,  and  lliua  condensed  itie 
Bteaiii  willioiit  cooliiiEj  tlie  cyliii<ler.  Previous  to  liia 
time  a  jet  of  water  had  been  thrown  directly  iuto  the 
cyliiiiier,  and  its  whole  mass  coaled— a  slow  operation, 
and  OHO  wliich  involved  raising-  the  whole  mass  again  to 
the  heftt  of  the  iticoming  steam  before  tbe  piston  conUI 
bft  forced  up  once  more. 

Among  other  causes  esertiiig;  a  control  over  ■evapo- 
ration into  the  air  is  tho  dry  or  damp  state  of  that  rae- 
diiun.  As  is  well  knowD,  evaporation  goes  on  willi 
rapidity  when  the  weather  Ja  dry,  and  is  greatly  retard- 
ed when  the  weatljer  is  damp.  So,  too,  a  movernent  or 
current  exerts  a  groat  effect.  When  the  wind  ia  blow- 
ing water  will  evaporate  rauah  more  quickly  tlmii  when 
the  air  is  quiio  caiiii.  This  obviously  depends  on  a  con- 
stant renewal  of  surface,  bo  that  as  fast  as  one  portion 
of  air  hecomos  moist  it  is  removed,  and  a  dryer  portion 
takes  its  place.  Extent  of  Eurface  operates  iu  the  eame 
way.  The  same  qnantity  of  ipatGr  will  evaporate  niucli 
more  rapidly  if  exposed  in  a  plate  than  if  exposed  in  a 
cup.  Pressure  also  exerts  a  great  coulroi;  for,  aa  we 
have  seen,  evaporation  takes  place  instantaneously  in  a 
vacnum,  ]jut  "whtio  therg  Jire  several  eircum stances 
which  control  the  rate  of  evaporation,  it  is  temperature 
alone  which  rGgiilates  the  absolnie  and  final  amount. 

At  one  lime  it  was  supposed  that  evaporation  was 
due  to  a  solvent  power  in  the  air,  a  kind  of  attraction 
between  that  medium  and  the  water  with  which  it  was 
in  contact ;  but  such  an  opinion  is  wholly  untenable,  for 
the  process  goea  on  with  the  greatest  I'apidity  in  a  viic- 
uinn  when  the  ail-  is  totally  removed. 

Althoiij^h  the  evaporation  of  liquids,  such  as  water, 
will  take  place  at  very  loiv  temperatures,  there  is  reason 
to  believe  that  the  process  bay  a  limit;  thiis,  a  minute 
qn;ijitity  of  vapor  will  rise  from  quicksilver  at  a  tem- 
perature olSO",  bnt  at  40"  not  n  trace  can  be  discovered. 

What  wna  tlie  i!isndvmnn[:e  fif  the  metliod  prcvi^iuelj'  nwil  ? 
What  elFeot        dryness  of  tlio  nil*  on  oviiporntiDTi ?    Wlmt  ctYcvt 
liiiTu  euL-renis?    Wllnt  oilier  circiinifllnnccs  iufliicnco  [be  rale  of 
cvnporjitioEi  ?    Wlint  Avna  cvrijinrfllinn  f-irinorlv  snp^osGii  m 
lo?    Is  thcvc  n  tcni[n;riuiii'i;  Ltliiw  cM\Y«i'!'aJAtiVi  Mvi-i-iKiTl 
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Siilpliuvio  acid  docs  not  evaporate  at  all  ab  onlinai'y 
temperaturoB.  The  cohesion  ol'  the  liquid  overcomes 
the  evaporating  lendeDcy. 

INTERSTITIAL  RaDIATIOH  OB  CoNPl'CnON, 

Tt  is  cortinionly  said  tbat  lioot  is  transroitted  throagh 
l)odiies  by  coaduclion,  li  lerni  ivhidi  involves  the  idea 
lhat  liie  jiarlielM  are  in  contact,  whereas  it  has  been 
proved  tlifit  Vliey  are  sepiirateLl  by  interspaces.  The 
passage  of  bent  across  these  interstices  is  called  iuter- 
fltitial  radiation.  Froin  the  conVenienee  of  the  expres- 
sion, ibe  term  conduction  will  be  frcqiicntly  used. 

Different  solids  conduct  lieat  with  different  degrees 
of  tftcilitj.  Il'rve  take  a  cj'Hiidrical  mass  of  metal,  and 
bold  tightly  agatugt  its  ewriace  fi  |>icce  of  wbite  writing 

f taper,  the  paper  may  be  placed  in  the  tiame  ofa  spirit- 
amp  for  n  considerable  time  without  scorching' ;  but  it' 
we  take  a  cylindrical  piece  of  wood  of  the  same  dinieii- 
eions,  and,  wrapping  the  paper  round  it,  expose  it  to 
the  tiamCj  it  rapidly  scorches.  The  metal,  tberefore, 
keeps  the  paper  cool  by  carrying  off  the  heat,  but  the 
wood,  being  a  bad  coodnctor,  suffers  the  paper  to  buiT. 
By  the  aid  of  llie  apparatus  of  Ingenhausz,  J?/ff.  50, 
Fi'j.M.  the  same  fact  can  be  proved  in  a  m.ore 
general  wny.^  It  consists  of  a  trough  of 
brass,  6  inches  or  more  long,  3  wide,  and 
a  deep ;  from  the  front  of  it  project  cylin- 
ders of  metallic  and  other  substances,  of 
the  fiaiiiQ  leiigtb  and  diareieter.  They  may  be  of  silver, 
copper,  brass,  iron,  porcelain,  wood,  etc.,  in  succession. 
The  siirfacft  of  each  cylinder  is  sineared  with  beeswax. 
On  pouring  boiling  water  into  tbe  trough,  the  heat 
passes  along  these  cylinders  with  a  rnpidity  correspond- 
ing to  their  conduettog  power,  and  the  wax  correspond- 
ingly melts.  On  the  silver  bar  tbe  -wax  melts  most 
rapidly,  anil  on  the  wood  most  slowly;  on  the  others 
inierniediately ;  thus  affording  a  clear  proof  that  dlfl'ei- 
aolids  conduct  heat  with  different  degrees  of  facility, 
•tiinl  coTidueting]iower  is  io  this  experiment  roni. 

i-rni  tdiiil uelion  orroiiooua?  nil  Kiiliilpi  emidum 

ilie  I'xiieriiiipni  with  n  cylinii^r  of  wfifiil,  imd  ono 
1  tllb  apparatus  ol'  IngcnbauEX.    Wliat  ducii  i[ 
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filioated  with  the  specilic  heat  of  the  eubstance,  that 
lavintr  a  low  specitic  heat  Beeming  to  conduct  move 
laifidly.    It  is  only  necessary,  iii  order  to  correct  lliis 
Bource  of  error,  lo  wait  !i  certain  length  of  time,  nnd  ob- 
Berve  the  distance  to  whicli  tho  melting  takes  place. 
The  apparatus  Fig.  51  deinoiislratea  the  eame  facL 

A 


o  S  is  % 


It  coneistfl  of  two  similar  bare  of  metal,  B  C,  ]>laced 
end  to  end  ;  one  may  be  of  copper,  the  other  of  iron. 
To  tiieir  uader  sides  a  niiniber  of  balls  of  wood  are  at- 
tached by  wax.  On  heating  the  junction  A,  tlie  power 
of  cooduclion  is  seen  to  differ,  I'rom  tlie  fact  that,  on 
the  copper,  the  balls  drop  off  to  a  greater  diBtanco  fiom 
the  source  of  heat  than  on  the  iron. 

The  instrument  Fig.  5'J  can  be  made  to  exhibit  to  a 
number  of  persona  differences  in 
condncting  power.  From  a  cen- 
tral ring  of  braas  a  number  of 
arma  of  Tarioua  substances,  as 
copper,brasB,  iron,  porcelain,  etc., 
project  radially.  On  the  tip  of 
each  arm  ia  a  piece  of  phoaplio- 
rns.  When  the  ring  is  held  by 
the  aidof  thefaaiidle  in  the  flame 
of  a  spirit-lamp,  ho  that  the  flame  passes  through  the 
ccutra!  aperture,  it  M'ill  be  found  that  the  pieces  of 
phospLorua  inflame  one  after  another,  and  not  simulta- 
neonsly.  That  on  the  copper  takea  fire  first,  the  brass 
next,  etc.,  the  order  being  the  same  as  that  shown  by 
Ingenbausz's  apparatus. 


DcEcrilic  I'uj.  51.  What  is  Ihe  conslmclion  and  mode  of  rclion 
of  Fig.  a-l  ? 
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The  purity  ol'  llie  metals  is  of  imiioriance.  Gold, 
when  alloyed  wiUi  1  per  cent,  of  silver,  loses  20  per 
cent,  of  its  conducting  power.  Some  alloye  conduct  in 
ihn  ratio  of  tlie  nicau  of  tlie  two  luetals ;  soriie  no  liet> 
ter  than  the  inferior  metal.  Carbon  diminislieB  the 
conductivity  of  iron  ;  maUea'ble  irou,  eteel,  and  cast  iron 
being  as  44  to  40  to  36. 

If  a  jiieco  of  wjrc  gauzo  be  held  over  the  flame  of  a 
Fig.r>~u  ciindle  or  gae-jet,  Fig.  53,  the  ilamo 
fiiiln  to  pass  through ;  but  the  gaseoiia 
inaUer  of  which  the  fl.imo  cons'iats 
IVedy  escapes  through 
the  meshea  of  tliu 
gauze,  and  may  be  sft 
on  fire  above  it,  as  in 
Fiff.  54,  Flame  is  ci- 
ther gaseous  lunttcr 
or  Bolid  matter  in  a  state  of  minute 
suhdivisioii,  tctupoVilrily  euapended  in 
gas  broaght  la  a  very  higli  terapcra- 
ture.  It  can  not,  therefore,  pass  through 
a  piece  of  wire  gacizc,  because  the  tiie- 
taillic  threads,  e.ierting  a  high  conducting  power,  ab- 
stract its  heat  IVom  the  incandescent  ffns,  and  bring  its 
temperattire  down  to  a  poict  at  which  it  ceases  to  be 
luintnoiia.  The  safety -lamp  of  Davy  ia  an  application 
of  this  principle;  by  it  combustion  ia  prevented  fi'om 

Give  llie  order  of  conducting  prjiver  iimong  metala.  What  effect 
has  the  piiL-iiy  of  o  iiistal  on  ils  comjiitting  jiowet?  What  efltect  i.s 
Been  tm  IioWing  '^iro  goozc  over  tlie  (Iilitic  «if  a  livmiiP  Uow  ni.iy 
wo  show  iIibl  the  combustible  matter  passes  ihrongh  ? 
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Spreading  tlirougli  masses  of  explosive  gas  by  /■^"y.wi 
calliog  into  action  llie  -cou ducting  power  ot' 
metallic  eaiiKe  witfi  whiah  tJie  laiup-iJmuo  is 
Bnrroiiudeil,  as  iu  J^irf.  55.  HemiijiDgs'a  eiil'i,'- 
ty-tiibc,  used  to  prevent  esplosiors  in  tlio  oxy- 
liydvogeii  blowpipe,  acta  ou  tlie  s-ame  princi- 
ple. TIic  action  of  gauze  is  explained  on  llm 
dynamiea!  tteory  of  heat,  as  follows:  in  :i 
flame,  ilje  molecular  mo'vemcnt  ia  yery  in- 
tense. Lilt  tliB  weight  ol'  Liie  moving  partiolcs 
is  but  small.  If  tlieir  motion  ^3e  eommuniciv 
ted  to  a  heavy  body,  the  intensity  of  the  mo- 
tion must  fall,  just  aa  a  light  bullet  ehoC  I'miii 
a  rifle  could  conimunicato  to  a  lOO-ponnd 
cannon-ball  hiit  alow  velocity  of  motion.  In 
placing  a  gauze  over  a  flanif,  the  intensity  of  motion  is 
so  iiiucli  reduced  that  it  is  unable  to  propagate  the 
uorabustion  to  the  opposite  eide  of  the  gunze, 

Count  liumford  made  several  experiments  to  determ- 
ine the  conducting  power  of  the  materiah  that  aro  used 
for  clothing.  He  placed  the  bulb  of  a  thermometer  in 
tho  centro  of  a  p:la9S  globe  of  large  diameter,  and  filled 
the  interspace  witli  the  enbstance  to  be  tried.  Ilaving 
immersed  tlie  apparatus  in  boiling  water  until  it  wiia  al 
212°,  he  transferred  it  to  a  freezing  mixture,  and  ascer- 
tained how  many  seconds  it  took  to  cool  133°.  Lin- 
en and  cotton  were  found  to  be  better  condnctors  than 
wool  and  the  various  i'urs,  and  hence  the  reason  that 
they  are  prefcn-cd  aa  articles  of  summer  clothing.  The 
greatest  impediment  to  the  transrutssion  of  heat  wan 
ofl*:red  by  hare's  fur  and  eidei'  down.  Tha  slato  of 
compression  also  iniJnences  the  result,  rnw  pilk  taking 
12(5+  seconds  to  cool  the  specified  niuonnt,  wliilo  twist- 
ed silk  only  took  917.  Such  bodies  act  not  so  much  by 
theiv  own  bad  conducting  power  as  by  calling  into  ac- 
tion tha  non-condneting  qu.ility  of  air. 

(hdy  those  cryatalhno  bodies  which  belong  to  tho 
regular  ejateiu  conduct  equally  in  all  directions.  If 

How  is  Davy's  Innip  cotiatrucled?    now,i3  iIib  HClion  of  giiUM 
cxplo-ine'l  nn  iLe  ilynmriica]  ibeory  uf  lienf?    Wlinl  was  tilt  olyui'l 
of  UumlbriVi  fxpcrimem^i!?    Flow  were  tlipy  condnc-lGr!?  Wliiil 
are  l!ic  ivoi-st  cimjiitlora  oFlient  iimnnf;  fioliil  liodieB!  VJVwa.ia'Oao 
reaaon  of  llicir  resislanco  to  caadncliiin? 
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iwo  plates  be  cut  tram  a  ilionibolii'J rril 
cryetal,  as  a  prism  of  quartz,  one  [iar- 
allel  t&  the  axis,  the  olhar  at  risltt  an- 
gles to  it,  and  tljese  bo  wafmctl  from  n, 
point  at  the  ceotre  by  tiie  aid  of  a  sil- 
ver wire,  if  the  plates  liave  been  coat- 
ed previously  with  wax,  it  will  be  seen 
that  the  first  plate,  2,  Mtf.  56,  sIiowb 
an  cliiptical  epot  of  nielting,  while  the 
other,  I,  ehoivs  a  circle^  and  demou- 
Kl  rates  an  cqnal  rapidity  of  conduction 
ill  all  directions.  When  n  Bubstance 
ia  altered  Ijy  noeqiml  tension,  aa  in  tlio 
case  of  a  plate  of  unauoealed  glass, 
licat  ia  conducted  most  elowly  in  the 
line  of  greatest  density  ov  pressure. 
Wood  alao  shows  Bimilar  diffeveDoes 
of  Gonductioa  in  different  direotioiis. 


LECTURE  XIV. 

COTJTincTio:s. —  Candwtion  of  Liquids.  —  ConaediiMi, 
07'  JTeating  by  Cireidatiov . —  Conchiction  of  Gases. 
~Tke  Trade'  Winds. — Land  and  Sea  £>-eezes. — Ap- 
plications of  the  ^on-condiccti)}ff  Poioer  of  Air. 

The  condnctin^  powcv  of  raoet  liquidp,  snch  aa  water, 
is  very  low  ;  a  lliin  Ktrattim  ia  stiflicient  almost  entirely 
to  cat  off  the  piisaage  of  heat.  This  may  be  shown  by 
the  appai'atiiri  Fif}.  57,  consisting  of  a  funnel  partly  liSI- 
ed  with  water,  with  an  air-thennoTneter  included  ju 
such  .T  manner  that  iIig  bulb  is  within  a  short  distance 
of  the  Bui-facp,  a  depth  of  a  qnai'ter  of  an  inch  or  less  in- 
tervening. The  tnbe  of  the  thermometer  may  he  pass- 
ed throngh  tho  lower  month  of  the  funnel,  water-tight 
by  means  of  a  cork,  and  the  position  at  which  the  index- 
liquid  stnnds  liavine:  been  marked,  some  ether  is  poured 
on  the  sm-fnee  of  the  walt'r,  npon  which  it  readily  floats, 
and  set  on  tire,    A  volutuinous  flanic  5.i  the  result,  and 

Do  soliils  coinluft  eqnnllv  in  all  direclionB-'  IJesi'i-ilju  f7'/.  /iC, 
Whni  eff.'cl  lins  prceanrc  on  coiuinction?  How  J-ocs  Iho  emiiiiiciiii™ 
power  rif  liquids  compare  wilh  ihnt  of  fiolids?    Desctihp  I'k/.  r,". 


cosvsonos. 
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a  great  deal  of  heat  is  evolved ;  and  since  the  bulb  of 
the  thermometer  is  apparently  sep-  gj 
arated  from  the  flamu  by  a  thin  film 
of  water  only,  if  the  heat  traversed 
that  film  the  thermometer  should 
rapidly  move,  but  it  does  not ;  we 
therefore  conclude  that  water  is  a 
very  bad  conductor  of  heat. 

But  the  experiment  is  very  de- 
ceptive ;  for  as  the  flame  is  hollow, 
and  only  incandesceDt  on  ita  snr- 
&oe,  it  is  really  a  great  diatance 
iVom  the  thermometer  bulb,  and, 
in  addition,  the  evaporation  of  the 
ether  is  a  cooling  operation.  The 
conclusion  is  nevertheless  truo. 

To  a  certain  extent  all  liquids 
conduct.  Mercury  is  a  good  coiidiictoi' ;  but,  in  those 
of  which  water  is  the  type,  the  dissemiTiation  is  chiefly 
effected  by  a  process  called  convection  or  circulation, 
which  depends  on  the  free  mobility  of  their  particles. 

The  apparatiis  Mg.  58  illustrates  this  process.  It  con- 
aistB  of  a  wide  tube,  into  which  the  water  pig,  is. 
may  ba  poared  ;  the  lower  portion  as  high 
as  a  being  colored  blue  by  the  addition  of 
some  coloring  substance,  the  intermediate 
portion  from  et  to  J  being  colorless,  and 
the  upper  portion,  from  6  to  c,  being  tinged 
yellow.  By  the  applioatioo  of  a  red^ot 
ring,  of  such  a  diameter  that  it  can  sur- 
round the  jar,  a  space  of  an  inch  or  more 
intervening  all  round,  the  upper  yellow 
portion  may  be  made  even  to  boil,  without 
showing  any  disposition  to  intermix  with 
the  portions  beneath;  but  if  the  red-hot 
ring  is  lowered  so  as  to  surround  the  blue  portion,  as  it 
becomes  warm  it  will  be  found  to  ascend  first  through 
the  colorless  stratum,  and  finally  that  tinged  yellow  on 
the  top.  When  the  lower  portion  of  the  liquid  is  warm- 
ed, currents  are  established,  which,  rising  through  the 


Whv  is  this  experiment  decq>tive?  So  liqnEdg  conduct  at  «XU 
How  u  beat  diaMmionted  in  liquids?  Deaohte 
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strata,  above,  bring  about  a  rnpid  clisseniinatiDn  of  the 
heat. 

Tliia  may  also  lie  sbown  by  taking  a  flasli,  ^iff.  69, 
Pig,  BB.  and  filling  it  wilE]  water,  in  wliich 

Bome  light  substance,  sucli  as  bran, 
1  IS  siispeiided.  On  .ipj^lying  a  lamp 
to  the  bottom  of  the  jar,  eurrenla 
are  established  in  the  water,  rising  _ 
np  the  centre  and  descending  down 
tiiG  sides  of  tiiG  liquid  ;  and  in  this 
manner,  now  portions  constantly 
presenting  themselves  on  the  sur- 
face exposed  to  the  tianic,  t!ia 
whole  mass  becomes  iiniforaily 
hot. 

Tlic  cause  of  this  niovetnent  is 
(Ills  to  the  fact  that  when,  water  is  heated  it  expands, 
Tliose  po-rtiona,  therefore,  which  rest  on  the  bottom  of 
the  vessel,  and  to  ivhicii  the  beat  ie  applied,  hb  soon  as 
thiey  become  warm  dilate,  and,  being  lic^jitev  than  before, 
rise  lo  tlie  lop  of  tlie  liquid,  while  colder,  and  therefore 
heavier  ones,  occupy  their  place. 

In  the  vegetable  world,  advantage  is  taken  of  the  non- 
conducting power  of  water  in  a  very  beautiful  way. 
Soon  after  Eiiriset,  tlie  Iccivos  and  delicate  parts  of  plants 
become  covered  with  little  drops  of  (5om',  which  invest 
them  on  all  sides  Under  these  du:uni.st;inceF,  the  ]iro- 
<!esa  of  convection,  or  the  ostabliKhnient  of  cii !■  rents,  ia 
entirely  cut  off,  for  each  of  the  drops  is  isolated  and  baa 
no  comrann 5 cation  with  those  around.  The  cold  air 
does  not  siiddenly  nffcct  the  delicate  organs,  as  it  would 
do  wore  not  this  non-condneting  film  spread  over  thcin  ; 
ihcil-  action  is  therefore  less  liable  to  be  deranged. 

All  liquids  possess  true,  though  in  most  cases  extveme- 
ly  feeble  powers  of  condnqtion,  aa  cotupared  with  sol- 
ids.   They  also  vary  among  themselves- 

If  the  conducting  power  of  liquids  is  Bmal!,that  of 
gaseous  bodies  ia  so  much  !esp,  that  it  is  doubtful  wheth- 
er they  can  be  proved  to  condtict  at  all.    In  those  the 

How  mny  tho  cun-pnls  in  liqtuJs  l>e  slionn?  Whnt  is  lliu  baasa 
of  ilie  movemenl?  Detcnba  tho  fiirmaliQii  of  dciv  on  plunts  at 
tiighlfall.  Ofwhne  use  is  the  corering  of  mwerf  Oo  gfisas  oon- 
duct  lieni? 
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mobility  of  particles  is  so  great  that  heat  is  readily  dif- 
fused turoneh  tbem.  On  burning  sulphur  in  oxygen 
gas,  tbe  eBt»»lishmenti  of  currents  is  well  shown.  The 
ventilation  of  buildings  and  iniaes,  and  the  proper  con- 
Btruotion  of  furnaces  and  chimneys,  depend  on  gaseous 
convection,  Tbe  trade-winds  are  an  illustration,  on  a 
grand  scale,  of  the  movements  of  a  gas  caused  by  heat. 
The  temperature  of  the  earth's  surface  is  gi-eatest  in  the 
tropics,  and  the  air  there  expands,  rises,  and  is  replaced 
by  cooler  air  flowing  in  from  the  polar  regions.  The 
heated  air,  after  ascending  a  certain  distance,  flows  over 
and  tends  to  go  toward  tlie  poles,  to  take  the  place  of 
the  air  that  has  gone  to  the  tropics.  If  the  earth  were 
at  rest,  there  would  be  a  steady  oreeze  toward  the  poles 
in  the  uppei'  parts  of  the  atmosphere,  and  one  in  the  op- 
^oedte  direction  below;  but,a3  the  globe  is  revolving 
Irom  west  to  east  at  the  rate  of  1000  miles  an  hour  at 
the  equator,  and  with  less  rapidity  as  the  poles  are  ap- 
proached, where  the  motion  vanishes,  the  direction  of 
the  flowiuff  streams  of  air  is  changed.  The  equatorial 
ur,  which  has  been  moving  at  the  same  rate  as  tbe  earth 
below,  when  it  travels  towai-d  the  poles,  moves  faster 
than  the  gronnd,  and  the  wind  has  a  westerly  direction. 
On  the  contrary,  the  polar  air,  going  toward  the  equa- 
tor, drags  against  the  surface  of  the  earth  until  it  has 
acquired  the  same  velocity,  and  has  apparently  an  east- 
erly direction,  which  is  less  and  less  mai'ked  as  the  equa- 
tor is  approached. 

Land  and  sea  breezes  are  to  be  explained  on  the  same 
principles.  During  the  day  the  suHace  of  an  island  will 
warm  faster  than  the  sea  around,  the  air  over  it  will  di- 
late, and  an  inward  current,  tbe  sea  breeze,  will  be  es- 
tablished. At  night  it  oools  more  quickly,  and  the  air 
over  becoming  denser,  flows  out  toward  tbe  sea,  causing 
the  land  breeze. 

By  taking  advantage  of  the  noibconducting  power 
of  ur,  rooms  may  be  kept  warm  with  a  small  consump- 
tion of  fuel  by  nimishing  them  with  double  windows, 
A  stratnm  of  air  an  inch  thick  cuts  off  the  loss  of  heat 

Why  docs  heal  Jiffuso  easily  through  them  ?    Describe  the  trnde- 
windB.    What  is  the  apparent  direction  of  tbe  trade-winds?  Ex.- 
plain  tbe  cnnse  of  laud  Mid  sen  breesea.    Upoii  YiVwiL  '^Tuw^  ^ 
donble  windows  act  ? 
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llicougli  the  windowa  to  a  great  extent.  Tlio  snnie  fact 
aocoijuts  for  the  difference  of  eondiiction  in  Rumfofd's 
csperi'iient,  %vLen  the  materials  were  elnaoly  atid  loose- 
ly packed.  In  the  latter  cas*,  tlie  slow  coiidiicUoii  is 
due  to  the  entrapped  air,  in  which  convection  is  altnO&t 
GDtirely  prevented  by  the  fibres  of  the  materials.  Tlio 
samG  esplaiiation  affords  the  reason  for  the  warmtk  of 
the  down  aud  for  of  anioida. 


LECTURE  XV. 

Radiation.— -ZVe?/'j7i I H  Ideas  on  Radiant  ITmt.—' 
Analogies  tmth  lAffht. — Effect  of  Surface  on  Hadia- 
tton. —  Selutions  of  J-i(nliiction,  It^ection^  tind  Ab- 
sorption.—  The  Florentine  Mtperiment, —  Tht  Cold- 
Jlai/  Mep&ti-ment. —  Opacity  of  Glass  to  Heat  of  Lfi->o 
I{6fran'jihlUty,~~I>ia(ksrm<icy  of  I>i^fereni  Solids, 
LiqniiU,  Gases^  and  Vapors. — Action  of  Perfumes. 
— JScat  is  a7i  Ethereal  X'lbYation, — Melloni^a  Appa- 
ratus. 

TuovGn  gases  aro  bad  conductors  of  lieat,they  freely 
allow  its  traosmissiion  by  radintion,  the  solai-  rays,  in 
traversing;  6000  feet  of  air,  only  losing  one  iifth  of  tlieir 
heat.  A  person  who  stands  at  one  eide  of  n  lii'e  re- 
ceives the  heat  of  it,  althougli  do  currents  of  ivrirni  air 
can  reach  him.  In  a  vacnnm  a,  piece  of  red-hot  metal 
rapidly  oools. 

The  heat  which  under  these  circnrnetancGS  escapes 
fi'otu  bodies  is  entirely  invisible  to  the  eye:  it  moves  in 
Htiaight  lin«3,  exhibitiug  many  of  llio  phenomena  of  the 
rays  of  light.  Thus,  if  we  iutorpose  between  a  fire  and 
iherniometer  an  opaquo  screen,  the  moment  the  rays  of 
light  a,re  stopped  the  heat  ia  simidtaneouBly  intercepted. 

The  raya  of  heat,  like  the  rays  of  light,  are  cap,ablo 
of  being  reHectfjd  by  polished  metallic  sm-fiiices.  If  a 
piece  of  planished  tin  be  held  before  a  tire  in  siieh  a  jio- 
sitioii  aa  to  reflect  the  light  of  it  upon  the  face,  ttic  heat 
also  13  similarly  reflected,  and  gives  rise  to  a  sensation 
of  warmth. 


gdscs  Irsnsniit  rinlinnt  hiMi.lP  How  mny  il  be  ptciveil  llmt  rn- 
illiint  licnt  moyes  in  mnighl  lines?    It  it  cnpaUlo  of  reflection? 


TABIATION  OP  SURFACE  BAUrATION. 


77 


The  analogy  between  lipbt  and  heat  ia  still  f:a-tbtr 
observed  wbcu  the  rays  of  the  latter  fall  upon  bodies 
of  a  iliffercut  jjhysical  coiislitiition  from  tbo  niGtiils.  As 
glass  18  tran9[jareut  to  light,  there  ara  many  boiliea 
triuisparent  tt>  the  laya  of  heat,  though,  as  ive  shall  fiud, 
these  are  not  the  eamG  in  both  iiistauces ;  and  as  thero 
ore  siibatanceH,  like  lampblack,  n'hicb  will  absorb  all  tlio 
ligbt  which  impinges  on  llieni,  there  are  many  ivliidi 
perfectly  absorb  boat.  Kefliiction,  transmisBion,  and  iib- 
Borption  are  therefore  comnioii  to  both  tbeso  agents. 

If  wfl  tiike  tivo  metallic  vessels  of  the  same  she  ami 
ehapo,  anJ,  having  blackened  one  of  tbera  all  ovei'  with 
the  emokc  of  a  candle,  fill  tlieni  botb  with  hot  ivalei- 
and  notice  their  rate  of  cooling,  it  will  be  seen  that  the 
blackened  one  cook  faster;  the  same  thing  may  be  ob- 
served iC,  iostead  of  blackening  the  vessel,  it  is  cuvtred 
with  layers  of  varnish.  These  results  may  be  proved 
by  the  aid  of  Leslie's  Canister,  which  consists  of  3,  cu- 
bical brass  Tessel,  a,  Fiu,  on, 
J^'p.  CO,  set  upon  a  ver- 
tical etem,  upon  whleh 
it  can  rotate.  At  a  lit- 
tle distance  is  placed  the 
blackened  bulb  of  a  dif- 
ferential thermometer, 
a  mirror,  M,  recmves 
the  rays  of  the  canister 
and  reflects  them  on  the  thermometer.  One  of  the  ver- 
tical sides  of  the  cube  is  left  with  a  clear  metallic  sur- 
face, a  second  washed  over  with  one  coat  of  varnish,  a 
third  with  two,  and  the  fonrtli  with  three  coatfl.  If 
these  eides  be  presented  in  BuccGSsioii  to  the  tb^nnotn- 
eter,  they  will  be  found  to  radinto  lieat  with  very  diffitr- 
ent  degrees  of  speed,  more  heat  escaping  from  thtni  as 
iha  number  of  coats  is  increased.  Slelloni  fuimd  that 
the  maximum  was  not  attained  notil  siKtecn  coats  wero 
applied. 

These  rosiilta-  can  only  be  explained  on  the  principle 
that  radiation  does  not  take  place  from  the  surface  of 

Whnl:  farther  annlogieg  are  tlitTO  betweea  IiRlit  HtirliientF  In 
vhM  manner  cnn  the  radUiinj;  power  of  a  Bui'face  be  incpflaKed  ? 
DcficHbi:  ihe  cxp^riffienc,  Fly,  UO.  Baas  tadiatiun  lake  place  from 
tliQ  aurface  oloue  ? 
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bo^cs  incr^v,  l>at  from  a  d^«£  is  iLtric  aa- 

A  higiily  |><uisb€d  laeUl  is  »  bad  radbtcr.  l>zi  cn 
roa^i«n)c^  it  tLi»  qs^iltj  h  improred.  As  n  gcreral 
n\t^  good  radiazcn  are  bad  reflecum,  and  good  ttAetz- 
or%  are  bad  ndiatws.  This  Utter  Etateniem  is  escmpli- 
lEed  in  tbe  case  cf  a  slrer  teapo:,  wludi  retains  its  t«a: 
math  ^a^ger  tban  an  impoUded  xesed. 

It  is  important  to  b^r  is  mind  that  lAe  abtofhin^ 
and  radiating  p<ne^»  of  a  eub^anft  are  directly  j)n>- 
portiori^J  to  otu  another. 

WLtn  rays  of  light  diverging  from  the  focos  of  a  con- 
cave parabolic  mirror  impinge  on  the  surface,  Xhey  are 
reflected  in  parallel  lines ;  when  parallel  rays  ^  on  sncb 
a  surface,  they  are  reflected  to  its  focus.  Thus,  if  from 
the  point  a.  Pig.  CI,  the  focos  of  a  parabolic  concave. 
c/,TA\6  diverge,  they  will  be  reflected  in  parallel  lines, 
eg,dit,ei,/k;  and  if  at  these  points  they  be  inter- 
cepted by  Uie  mirror,  g  tbey  vill  be  reflected  to  its 
focuB,  b. 

Xov,  as  the  laws  of  the  reflection  of  radiant  heat  are 
tlie  same  as  the  laws  <^the  reflection  of  light,  it  is  plain 
that  If  wo  place  any  incandesc«it  body,  such  as  a  red- 
Iiot  cannon-ball,  in  the  focus  a,  beat  which  radiates  from 
it  will  he  found  at  the  other  focus,  b. 

This  in  beautifully  illustrated  by  an  experiment  known 
under  tlic  name  of  the  erj^riment  with  the  conjugate 
inirrorB.  In  the  focus  a,  Pig.  61,  of  a  parabolic  mirror, 
cf,  place  a  red-hot  cannon-ball,  and  in  the  focus  b  of  a 
decond  mirror,  (/A,  fict  opposite,  but  twenty  or  thirty  feet 
off,  place  a  piece  of  phosphorus,  a  screen  intervening  be- 
tween. As  soon  as  the  arrangements  are  completed, 
remove  tlio  screen,  and  in  a  moment  the  phosphorus 
takes  fire.  That  tliis  offiict  is  due  to  the  refiectmg  ac- 
tion of  the  mirrors,  as  has  been  described,  may  he  proved 
by  removing  tho  mirror  c/,  when  it  will  be  found  that 
the  phosphorus  can  not  bo  lighted,  oven  though  the  ball 
1)0  brought  witliiii  a  very  short  distance  of  it.   If  the 

What  Lili  i  t  (in  t1i«  mdintinR  p«JW«r  U  obierred  on  roughening  ft 
polished  mirfurai  1  Whut  relation  is  there  between  absorbing  and  ra- 
diftting  iwwer  ?  What  is  tho  action  of  a  parabolic  mirror  on  [jaral- 
lol  rapt  1  What  ii  iu  action  on  tkju  diveqiing  ftaia  iu  focus  ?  De- 
Mribe  the  exporiincnt,  Fig.  61. 
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mirrors  are  well  adjusted,  the  cannOD-boll  may  be  re- 
placed by  an  ordinary  gas  flame. 


This  striking  experiment  proves,  first,  that  the  rays 
of  beat  move  in  straight  lines,  like  those  of  light;  and, 
second,  that  in  the  same  maimer  they  are  subpect  to  the 
ordinary  laws  of  reflection,  for  the  apparatus  is  adjusted 
by  the  flamo  of  a  caudle. 

A  variation  of  the  experiment  mgy  be  made  by  nstng 
a  snowball,  C,  Fig.  62,  instead  of  the  beated  body,  in  the 
focus  of  it^  ia  which  case  a  thermometer,  B,  in  the  fo- 


CUB  of  the  opposite  mirror.  My  will  exhibit  a  reduction 
of  temperature,  even  though  shaded  by  a  screen,  A, 
from  direct  radiation.  From  this  it  was  at  one  time 
sqpposed  that  there  exist  rays  of  cold  precisely  anal- 
ogons  to  rays  of  heat,  and  that  they  obser\*e  the  same 

Wlimt  does  the  experiment  of  the  conjngate  tnirroTs  prove?  De- 
(cribo  the  expu^ment,  F^,  62.    What  wbb  it  «jL\ff«KA.\o^w<«''% 


oPAcrrr  of  gt-abs  to  iiea7. 


laws ;  but,  as  we  shall  see  in  BpGnliiiig  of  tho  Theovy  of 
tlie  Exchanges  of  Heat,  a  simple  explanation  cau  be 
given  without  implying  the  eiistence  of  a  principle  of 
cold. 

Let  it  be  stipposetl  that  in  the  focu3  of  tEio  mirror  g  7c, 
Fig.  61,lLe  bulb  of  a  deUcate  ibermomeler  ia  placed, 
nnd  in  ibe  focua  of  the  other  mirroi',  c  f,  a  metalline  tBftsa, 
a,  the  temperature  of  which  can  be  varied  at  pleO-Sare. 
Between  the  mirrors  let  there  be  interposed  a  screen  of 
transparent  plate  glass^and  let  ua  farther  suppose  that 
tlie  temperature  of  tt  is  212%  or  considerably  below  the 
point  at  which  It  is  visibly  red-hot.  Under  these  cir- 
cumatances  tlie  tliermometer  esbibits  no  rise  of  temper- 
ature BO  lous  as  the  glass  intervenes,  but  tlie  moment  it 
ia  icnioved  tbe  heat  paesGS, 

A  piece  of  transparent  glass  is  therefore  opaejuo  to  the 
rays  of  heat  wiiich  come  from  a  nonJuminoiis  source. 

Lot  \\s  now  enppose  that  the  temperature  of  the  met 
alKnc  luaea  a  conlinually  rises.  When  It  Las  readied  a 
red-heat,  a  certain  proportion  of  the  rays  emitted  by  it 
bes^ina  to  pass  tbrongh  the  glass,  as  is  shown  by  the 
cflect  upr>ii  the  thenii'>meter.  When  Lhe  mass  is  visi- 
bly red-hot  in  tlio  4Liyliglit,  the  vaya  go  throit<rh  the 
glass  more  readily ;  and  when  it  lias  bficoino  wliite-hot, 
or  has  reached  tho  highest  temperature  we  can  give  it, 
the  glass  transmits  the  rays  with  fitcility. 

These  facts  are  of  the  utmost  importance.  They 
show  that  bodies  transparent  lo  light  arc  not,  neccssan- 
ly  ti*aus.pftrent  to  heat,  and,  therefore,  that  there  is  a 
liistinctton  between  tlio  two  agents.  They  farther 
show  that,  aa  respects  glass,  its  irausparcccy  for  heat 
differa  with  tho  teraperaturo  of  the  source  from  wliteh 
the  raya  corau. 

There  is  only  one  lino-mi  solid  that  approaches  per- 
fect transparency  for  heat,  roek  salt.  If,  in  the  preced- 
ing experiment,  a  plate  of  it  were  substituted  for  the 
^lase,  no  niatler  what  the  tempei-atura  of  the  mass 
the  rays  would  pass  through  it  with  cf|wal  fafllity.  It 
is  the  glass  for  heat,  and  stands  at  the  head  of  blather- 

What  cfl'ec'L  hns  Kla«s  on  liest  of  IniT  intensity?  Wlmt  clinni.-ea 
occur  io  I  tie  IrmiBinissivo  priwer  of  glaM  nft  the  tcinijemiirQ  rLwa? 
Wljnr.  fiiMs  nro  fliovrn  bj  these  espciimcQtB ?  AYhnt.  siiteuintc  is 
iriiiiBimrDiit  In  licat? 
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mic  bodies,  as  those  traosparent  to  heat  are  called.  An 
athermie  substaDoe  is  one  which  does  not  penait  heat 
to  pass. 

I>iatkennaey  of  different  Solids. 


Bock  Salt          92.8  per  cent. 

Sulphur   74 

Iceland  Spar....  89 
Plate  Glus   S9 


Limpid  Qaaru ...  88  percent^ 
StDok7  QnaitE....  37  " 

Alnm   9  " 

Ice   6  " 


The  plates  of  the  snbstftnccs  used  in  determining  the 
above  percentages  were  one  tenth  of  an  inch  thick,  and 
the  sonrce  of  heat  was  a  naked  flame.  When  copper  at 
212°  was  psed,  only  the  rock-salt,  sulphur,  and  quartz 
permitted  any  rays  to  pass,  the  rest  being  perfectly 
atbennio. 

IHathermaey  ofXdquida. 

Bisnlphide  of  Carbon   68  per  cent 

Chloride  of  Solphnr  ,   63 

Spirit  of  Tnrpentioe.  31 

Olive  Oil   30 

Ether.   21 

Salphnric  Acid   17 

Alcohol   IB 

Distilled  Water   11 

Absorptive  Power  of  Gases. 


Air   1 

Oxygen.  «   1 

Nitrogen   1 

Hjdrogen   1 

Chlorine   89 

Carbonic  Oxide   90 


Carbonic  Acid   90 

Nitrous  Oxide   365 

Sulphuretcd  Hjdrogen ..  390 

Sulphurous  Acid   710 

OleliaQtGas   970 

Ammonia   1195 


The  last  table  exhibits  the  relative  absorbing  powers 
for  heat  at  212°.  The  absorbing  power  of  many  vapors 
is  qnite  as  remarkable,  as  is  also  tbat  of  the  pename  of 
flowers  for  rays  of  obscure  heat.  Aqneons  vapor  has 
also  a  powerful  absorbent  action  on  heat  of  low  refi«n- 
gibility.  Among  gaseous  bodies,  the  same  rule  holds 
good  as  for  Bolios — the  best  absorbents  are  the  best  rar- 
diators. 

We  see,  therefore,  that  there  are  different  varieties 
of  radiant  heat.    The  difference  ia  due  to  the  same 

What  IB  meant  by  diatbemio  and  atbermic  bodies  ?  Wiiat  Ib  the 
ftbsorptive  power  of  ammonia  compared  with  air  7  What  is  tha 
cause  of  the  varirttee  of  rediont  beat? 

P2 
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oansfl  wliicli  gives  different  colors  to  liglit,  namely,  that 
heat,  being  an  urdulittory  motion,  has  waves  of  various 
leiigllis,  and  varying  velocity  ol?  vibration,  lo  tlie  pns- 
iiiatic  sjicctrum  the  inaximimi  of  heat  ia  found  beloiv 
the  red  end,  atid  it  fitendily  dGclinos  on  pnasiiig  tou-ai'd 
the  violet.  But  in  the  interference  Bpectrnni,  nroducetl 
]>y  a  ruled  gratings  as  d4seov€rcd  hy  Prof,  J.  W.  Draprr, 
the  maxima  of  lioat  and  light  coincide,  and  are  fotind  in 
the  centre  of  llie  ye!lo«'.  Tlie  pnsraalic  spectrum  iii- 
diiceia  the  supposition  tiiat  heat  ia  produced  by  slower 
and  longer  vibrations  t\iAn  those  of  light,  but  tho  intor- 
fercnce  spectrHtO  corrects  this  hypothesis,  and  sIiuwm 
that  they  coexist  in  the  samo  place  at  tho  same  time, 
and  are  probably  one  and  tho  SftUiC  force.  OliscUI'e  liont 
is  invisible  light,  and  light,  when  exlingutshed,  pro- 
duces heat. 

The  apparatus  hy  the  aid  of  which  Mollonl  jirosecii- 
ted  bis  extensive  researches  on  heat  is  ehown  in  Mg.  63, 

Fig.  03. 


At  it  is  a  euiirl  for  the  Honrce  of  heat,  with  a  cmncavo 
mirror  for  concGiiiratinir  thu  rays;  at  N,  a  perforated 
Bureun ;  at  P,  .1  plate  of  tlio  substance  tn  be  examined; 
at  T,  ii  lliernao-electrio  pile;  at  G,  a  galvniio  in  titer. 
is  an  unpcrforated  screen  that  ciin  be'tiinied  down  out 
of  the  Way. 

^M'hnt  IS  tho  distribiilion  of  heal  in  ilm  prUmiilie  Bpcstrum  E 
■^Vlint  ia  iho  diatri^^lion  ia  tlic  in  lerfcreiigo  sjioulrmn?  Wlmt  ia  tbo 
relniiuii  between  ligUi  oml  l.cal? 
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LECTURE  XVI. 

Theory  of  the  Exchanges  op  Heat. — Jtdations  of 
Light  and  Heat. —  Theory  of  Skcchangea. — Explana- 
tion of  the  Cold  Say  Experiment.  —  Wells's  Theory 
of  the  Dew. — Cold  on  Mountain  Tops. — Tempera- 
ture of  the  Sun. — Polarized  Heat. — Jleat  of  Chemi- 
cal Combination. 

The  facts  which  militate  against  tlie  doctrine  of  the 
unity  of  light  ancT  heat  are,  1st,  that  the  relations  of 
transparency  for  tlie  two  are  not  the  same,  smoky 
quartz  or  dark-colored  mica  allowing  heat,  but  not  light, 
to  pass ;  :ind,  2d,  that  the  radiaUons  from  such  a  source 
as  a  vessel  of  hot  water  are  not  visible  to  the  eye,  and 
can  not  bo  made  to  assume  the  luminous  condition. 
But  it  has  been  shown  by  Tyndall  that  if  the  heat  com- 
ing from  an  electric  lamp,  which  has  passed  through  an 
opaque  solution  of  iodine  in  bisulphide  of  carbon,  be 
concentrated  upon  a  thin  strip  of  platinam,it  will  cause 
the  strip  to  glow,  though  the  eye,  when  screened  by  the 
solution,  may  be  directed  to  the  sun  without  perceiving 
the  f^Dteat  trace  of  light.  In  that  ease  heat  has  been 
oonverted  into  light.  Such  phenomena  are  incladed 
under  the  term  Calorescenoe. 

TlIEOEY  OP  THE  EXCDANGES  OF  IIkAT. 

The  theory  of  the  exchanges  of  heat,  comprehending 
an  explanation  of  a  great  many  of  the  phenomena  we 
ordinarily  witness,  depends  on  the  following  principles. 
It  assumes,  1st,  that  all  bodies,  no  matter  what  their 
temperature  liiay  be,  are  constantly  radiating  heat  at 
all  times ;  2d,  that  the  ratio  of  radiation  depends  on  the 
temperature,  increasing  as  the  temperature  rises,  and 
diminishing  as  it  declines. 

Thus  the  various  olyects  around  ub  are  constantly 
emitting  heat,  the  warm  bodies  to  the  cold,  and  tho 
cold  ones  to  the  warm.    A  mass  of  snow  and  a  red-hot 

Wtiat  fects  militate  ogalnat  the  uniiy  of  light  and  heat?  De- 
scribe l^dall'B  experimsnt.  What  it  Calorcscencef  Oa  what 
doei  the  xhearj  of  the  exchangee  of  heat  depend? 


8i  THEOUT  01'  BXCnAXGBB  OP  HEAT. 

cannon-ltall  respectively  give  off  heat,  the  ball  emitting 
it  ill  gi'eater  quantities  and  the  snow  in  Itas,  And,  even 
when  the  atljnceiit  liodies  Lave  reached  tlie  same  ther- 
niometnc  jjoltit,  ihey  still  continue  to  exdiatigc  Leat 
with  one  auotlier. 

Upon  these  principlen  we  can  readily  account  for  tile 
faiit  that  bodies  of  different  temperatures  at  first,  finally 
come  to  an  equilibrium.  If  au  ignited  cannon-shot  be 
placed  in  the  tuidille  of  a  large  room,  it  radiates  heat  to 
the  ceiling,  the  walls,  the  flooi',  and  the  variouB  oLjects 
around ;  ihcy  also  radiate  back  upon  it.  But,  irom  its 
elevated  temperature,  it  emits  its  boat  faster  tlian  lliey, 
and  therefore  gives  out  more  ibau  it  receives.  Its  teni- 
perattire  constantly  descends,  and  continues  to  do  so 
until  it  receives  just  as  mut-li  as  it  gives,  which  lakes 
place  ivhcn  it  has  reached  the  same  degree  as  the  ob- 
jects aromul ;  for,  other  things  being  equal,  bodies  at 
the  same  luniperature  radiate  with  equal  speed. 

The  prams  must,  however,  stop  as  soon  as  that 
equality  of  temperature  is  attained  j  for,  if  we  suppose 
the  shot  to  cool  below  that  point,  it  would  evidently 
bpg;in  to  receive  more  heat  iVoni  the  objects  around 
than  it  gave  forth;  and  the  excess  accumulating  in  it, 
the  tcmpemture  would  at  once  rise. 

When  an  equilibnnui  ia  obtained,  the  procoes  of  radia- 
liort  Plill  t'ontiiiucs,  but  the  exchanges  are  equnl.  Two 
Jigiited  candles  placed  together  do  not  extinguish  each 
other  or  ecfise  to  exchange  light  wilh  each  other,  nor 
do  two  bodies  equally  warm  cease  for  that  reason  to  ex- 
change heal.  In  a  room,  therefore,  in  which  every  tiling 
laa  the  Game  temperatnre,  rays  are  eonlinunlly  exchang- 
ing, but  each  object  niaintaioa  its  ovvn  temperature,  be- 
cauBG  it  receives  aa  much  as  it  gives. 

If  a  red-hot  ball  and  a  tbertiioraeter  bulb  be  placed 
near  one  anqiher,  the  bulb  receives  more  heat  from  tbe 
ball  than  it  gives  to  it,  and  its  temperature  tlierefore 
rises;  but  if  a  thermometer  bulb  and  a  snowball  be 
placed  in  presence  of  one  another,  the  buil>,  being  the 
iiolter  body,  gives  more  than  it  receives,  and  its  lemper- 

Howdo  bodieg  of  clifFurent  (cnifjerftturcB  ti>iiie  lo  nn  rcjuilihrtmn  ? 
Wbyu  iloea  ilia  dcawnt  of  lemi-crniurii  cphbc?  Wliat  h  ihc  rcnscin 
ihot  it  <!ca3es?  Does  rnillaiinn  continue!  when  itn  oqidilibrium  is 
n>acliu47    Ci'iys  the  explunniion  of  ibB  cold  rajr  expcriinenl. 
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atnre  therefore  descends.  This  is  the  explanation  of 
the  cold  ray  experiment  with  the  conjugate  mirrors. 
That  experiment,  as  was  observed,  affords  no  proof  that 
there  ftre  rays  of  cold ;  the  effect  is  due  to  the  fact  that 
a  matual  exchange  is  going  forward  between  the  two 
bodies,  and  the  temperature  of  the  hotter  descends.  The 
mirrors  of  course  take  no  part  in  this  phenomenon ;  tlieir 
office  is  merely  to  direct  toe  path  of  we  rays,  as  has  been 
ex  plained. 

On  the  principles  of  the  radiation  of  heat  is  founded 
Wells's  theory  of  the  dev.  After  the  ann  goes  dovn 
of  an  evening  drops  of  water  oondense  on  the  leaves, 
grass,  stones,  nnd  other  objects  exposed  to  the  air.  It 
was  once  a  question  whether  this  dew  descended  in  the 
form  of  a  light  shower,  or  ascended  from  the  ground. 
There  are  also  certain  circumstances,  apparently  very 
mysterious,  attending  its  formation.  Tho  dew  rarely 
fails  on  a  cloudy  night;  it  also  apparently  possesses  a 
selecting  power,  depositing  itself  on  somebodies  in  pref- 
erence to  others.  The  theory  of  Dr.  Wells  furnishes  a 
beautiful  e.iplauation  of  these  curious  facts.  During  tha 
daj  the  vanous  bodies  on  tho  sarfaco  of  the  earth,  re- 
ceiving the  rays  of  the  sun,  become  warm,  but  at  ni^t- 
fall,  when  the  sky  is  unclouded,  they  begin  to  cool, Tor, 
the  process  of  radiation  oonUnuing  witboat  any  source 
of  supply,  their  temperatnre  must  descend.  While  the 
sun  BDone  they  received  as  maoh  heat  irom  him  as  they 
gave  forth  to  the  sky,  but,  when  he  is  set,  the  supply  is 
out  off,  and  they  therefore  cool,  and,  as  there  is  moisture- 
always  in  the  wr,  their  temperature  descending,  by-and- 
by  the  dew  point  is  reached,  and  they  become  cold  enough 
to  condense  water  from  the  surrounding  air.  This  is  the 
dew,  Apd  as  different  bodies,  according  to  the  rough- 
ness or  physical  condition  of  their  surfaces,  radiate  with 
different  degrees  of  speed,  as  Leslie's  canister  proves, 
some  of  the  objects  exposed  to  the  sky  cool  rapidly  and 
are  covered  with  dew,  but  with  others  the  dew  point 
is  never  reached ;  hence  the  apparent  selecting  power. 
When  there  is  a  canopy  of  clouds  over  the  sky  dew  can 

When  does  the  dew  form  t  What  drcnnutancet  attending  it  «wm 
difficnil  of  explanation  ?  What  is  Wells's  theory  of  tlie  formatloa 
of  dew?  Why  does  dew  settle  on  snne  bodka  and  not  on  otfaMsf 
What  is  tlia  cffbet  oTdonds? 
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not  form,  for  the  cloud  raJutes  to  the  e.ivlh  aa  much  as 
the  earth  radiates  to  it — lliQ  oxchangea  aro  aqiial,  and 
the  equillbriimi  is  maintained;  hul^  it' the  doiid  disap- 
pears, the  heut  of  the  Kurf'ace  of  the  ground  escapes  away 
into  the  regions  of  spnce.  Hence  cloudy  nights  are 
warm,  acd  a  clear  is  oJleii  a.  frosty  night. 

Far  similar  nen-sona  mountain  tops  aio  always  colder 
than  valleys.  In  n  valley  the  radiatioti  is  obsti  uctcd  by 
the  sides  oftho  adjacent  hills,  but  on  the  Lop  ot'a  nuiiujt- 
aiu  the  free  exposure  to  the  sky  permits  of  unchecked 
I'ltdiation. 

An  iiilei'cstiiig  conchisiou  may  he  drawn  from  the  oon- 
ditioris  of  till!  pass.ige  of  radiant  heat  through  glass. 
We  Imvo  Bocii  it  is  iieuessary  that  the  heat  should  conic 
from  II  source  of  very  high  temperature  to  pass  this  me- 
dium Willi  fiicility.  Now  the  lieat  of  the  sun  passes  it 
with  the  p;rtiiteBC.  freedom,  aa  is  ahown  ttdien  wc  sta^icl 
ht-l'oru  ii  window  lliroiigli  wludi  llic  Buti  shines.  In  tho 
Jbcim  ofn  eonvux  loua  bodies  may  he  readily  set  on  fire. 
Wo  itifi^r,  thcrei'orG,  that  iho  lottipcrature  of  the  sun  ia 
vury  liigii,  a.  I'OBiilt.  corroborated  by  proofs  froni  other 
dou  rct-n. 

Radiant  heat  ia  sneceptJble  ofpolarizatioii  bytourma.- 
Vwan,  and  trnnsmission  through  bundles  of  mira  set  at  n, 
pi'ojic'r  angle  to  the  incident  ray.  It  niso  exhibits  tho 
pbenornona,  of  diffraction  and  iuteiference. 

Tho  inianlity  of  heat  produced  by  cheinicEil  eotiibinar 
tiini  is  deliuil  e,  thougb  the  jireciao  deternunxition  of  its 
uinoiint  if  difticult,  owing  to  tho  complication  ivith  latent 
lic'iit  niid  ehiuigcs  of  volume.  By  the  aid  of  delicate  cal- 
orimeterB,  tables  of  the  heat  evolved  durinf;  conihuBl.ioii 
and  combination  have  been  coiistructed,  and  it  has  been 
proved  that,  for  example,  tho  union  of  a  given  amount 
of  oxygen  with  the  various  elements  does  not  in  all  cases 
produce  the  same  quantity  of  heal.  Substances  present- 
ing different  nllotropic  conditions  evoh'e  iu  combustion 
different  qiiantitiea  of  bent,  In  many  decomposition.'s 
a  large  dcvflopment  of  heat  is  seen,  as  when  ohlorido 
of  nitrogen  or  gun  cotton  is  eJiplodeJ,  In  precipitnliotiH, 

Why  in  n  mniiiitnin  Inp  coldtT  tlian  ii  thIK-v?  VTIliit  rcnsnii  U 
tlinrn  fiw  Hiij.pusiiii-  ilio  icmjicrnliito  of  the  Hiin  l«  lie  liigli?  JImv 
mny  rmiinm  hcnt  li«  polnriEo.l?  Ih  the  fluiuiirit  of  liuat  jiroduced  iu 
cliniiilcal  i-umliiimiicin  dtfiiiiia? 
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as  w-ell  as  in  the  reaction  of  acida  upon  basea,  and  solu- 
tion of  salts  and  gases,  disturbances  of  temperature  oc- 
cur. It  is  stated  that,  during  the  combination  of  equiv- 
alent qnantities  of  the  different  acids  with  a  given  base, 
nearly  the  same  amount  of  beat  is  produced.  Bnt  these 
inoairies  are  as  yet  very  incomplete. 

The  great  source,  however,  of  all  the  beat,  and  indeed 
all  the  loroe  exhibited  in  the  various  manifestations  on 
the  face  of  the  globe,  is  the  sun ;  that  from  other  sources 


mover,  and  nis  extinction  would  make  the  earth  a  deso- 
late waste  like  the  viuble  side  of  the  moon. 


Of  Light. — Sources  of  lAgM. — The  Sun. — Incandea- 
cence.  —  Combustion.  —  Colors  of  Lights.— Shadowt. 
—  Conditions  of  the  Intensity  of  Lighi. — Photome- 
ters :  Itumfbrd'3,  mtchie's,  Moin^on  of  Shadotoa, 

■  Chlorine  and  Hydrogen. —  Vdocity  of  Might. — lie- 
flection  and  Sanction. — JBia^ing-glassea. 

LiGOT  may  be  artificially  produced  by  many  different 
processes,  such  as  the  ignition  of  solids,  combustion,  and 
phosphorescence.  Any  solid,  if  sufficiently  heated,  be- 
comes luminous,  combustible  gases  take  fire  at  a  certain 
temperature  in  the  air,  and  the  diamond  will  emit  a  phos- 
phorescent glow  in  a  dark  place  afler  it  has  been  exposed 
to  the  day.  It  is,  however,  as  has  just  been  remarked 
in  the  case  of  beat,  to  the  suu  that  we  are  chiefly  indebt- 
ed. The  quantity  of  light  furnished  by  him  far  exceeds 
that  of  all  natural  or  artificial  souroefi,  and  its  brilliancy 
is  BO  ereat  that  the  electric  spark  alone  rivals  it. 

When  the  temperature  of  solid  substances  is  raised  to 
1000°  they  begin  to  be  luminous  in  the  daylight,  or,  as 
it  is  termed,  are  visibly  red-hot.  It  requires  a  far  high- 
er temperature  to  render  a  gas  incandescent.  This  may 
be  shown  by  holding  a  piece  of  thin  platinum  wire  in 
the  current  of  hot  air  wliich  rises  from  the  apex  of  the 

What  is  the  princiiiol  Eoarce  of  heat?  Iloir  ligbt  be  pro- 
dnced  artifldalljr?  Wlutt'ii  the  pdnt  of  inrandeRcenco  of  mlide? 
How  VMj  we  prove  tbat  that  of  eases  U  higher  ? 


oomparison.    He  is  the  prime 
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flame  of  a  lamp.  The  air  la  not  visibly  if;nite<3,  hut  the 
platinum  wireinstantjy  becomes  vccl-hol,  showing;  a  great 
difference  in  tliia  respect  botwccn  tliis  metal  and  a  gaa. 

Different  vapors  and  gases  evolve  different  quantities 
of  light  when  ignited.  The  flame  of  bnrniiig  hydrogen 
IB  scarcely  visible  in  the  dayJight ;  that  ol'  alcohol  is  but 
little  brighter,  but,  un<3er  the  same- 
circuniBtanceB,  sulphuric  ether  emita 
much  Itffht.  If  WQ  take  a  glass  of 
the  form  J^iff.  6-1, . consisting  of  a 
bulb,  o,  and  a  ciivved  tube,  &,  mid, 
having  filled  the  bulb  witli  etlier, 
cause  it  to  boil  by  tlio  appliuatiort 
of  a  liimp,  (,',  the  cLlier  may  be  set 
on  fire  aa  it  is  forced  out  of  the  vessel  by  the  pressure 
of  its  vnpor.  It  burns  in  a  beautiful  arcb  of  great  bril- 
liaucy ;  but  if  we  substitute  alcohol  for  other  the  light 
becomes  quite  insignifioaut. 

The  liglit  which  is  emitted  by  lampa  and  candles  ]$, 
however,  in  reality  due  to  the  diaengagenieat  of  solid 
matter.  The  conatltuenta  of  the  gaa  which  produce  the 
flame  are  cn.rbon  and  hydrogen  chiefly ;  of  these  the  hit- 
ter is  tliti  more  combustible,  and  is  first  burned  ;  for  n 
moment  the  carhoa  e^cists  in  a  solid  Ibrni  in  a  state  of 
extreme  snhdivisioo,  and  at  a  high  temperature,  but,  be- 
ing ill  contact  with  the  external  air,  it  is  immediately 
consumed. 

Art.itieiiil  lighta  differ  in  color.  If  alcohol  be  mixed 
■with  common  salt  and  set  on  ijrc,  the  fljime  is  of  n  yel- 
low tint;  il' with  boracic  acid,  it  is  green;  if  ivith  ni- 
trate of  strontian,  it  is  red.  It  ia  upon  tiiosc  principles 
that  the  art  of  pyroteclniy  dopeniln. 

From  whatever  eonrce  light  may  conic,  it  exhibits  the 
Barae  physical  properlie.'!,  It  moves  in  straight  lines. 
When  it  impingee  on  polished  metallic  finiliicca  it  is  re- 
lleeted,  on  dark  surfneca  it  is  nbsorbed,  cm  transparent 
suHiices,  as  glass,  it  ia  transmitted.  In  the  last  eiise  it 
i.s  fi'equetitly  forced  into  a  new  path,  as  we  shall  prcs- 
eiilly  sei',  and  then  the  phenomenon  lakes  the  name  of 

Dn  )\ll  siibsinncea  evolve  ihc  samB  amuuiit  of  ]ight  in  buminc? 
"Wliiil:  renilefs  tha  tiami?  df  ft  onndle  liiminons?  How  TOI13'  llnniEa 
ba  colored?  Mfintion  soDio  of  line  profwrliea  of  light.  Wlittt  h  te- 
fruotisn  ? 
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refraotion,  because  the  ray  is  broXien  from  its  primitive 
coorse. 

There  are  two  different  Itinds  of  opacity,  black  and 
white.  Charcoal  is  a  black  opaque  eubstaiice,  eaithcn- 
ware  is  opaque  white. 

The  shadows  formed  by  opaque  bodies  arise  from  the 
interception  of  hght  io  its  rectilinear  progress.  They 
may  be  of  two  different  kinds,  the  common  and  the  ge- 
ometrical. The  former  arises  from  a  laminous  sarfaoe, 
the  latter  from  a  lucid  point.  The  former  consists  of 
two  portions,  the  umbra  and  penumbra  y  in  the  latter 
case  the  paeaage  from  total  darkness  to  light  on  the  side 
of  the  shadoa  is  abrupt,  and  without  the  interrention 
of  any  shade. 

The  illuminating  power  of  a  light  depends  upon  sev- 
eral coaditiona.  As  the  distance  increases  it  becomes 
less,  the  effect  being  inversely  as  the  square  of  the  dis- 
tance; that  is,  at  two  feet  it  gives  only  one  fourth  of 
what  it  would  do  at  one ;  at  three  feet,  only  one  ninth. 
The  absolute  intensity  of  the  light  also  determines  the 
result ;  thus,  there  are  flames  that  are  very  brilliant,  and 
others  that  are  paler.  The  magnitude  of  the  luminous 
surface  is  another  of  these  conditions;  the  absorbent 
efl'cct  exerted  on  the  passing  rays  by  the  air,  or  medium 
traversed,  another ;  as  is  also  the  direct  or  oblique  man- 
ner in  wfaich  the  rays  are  reodved  on  the  illuminated 
surface. 

Of  Fhotomsisks  and  thb  MsasCsbubnt  of  Liobt. 

The  meChods  resorted  to  for  the  measurement  of  light 
are  quite  numerous,  the  most  common  brang  Rnmfora's 
method,  Ritchie's  method,  tha  method  of  the  extinction 
of  shadows,  and  the  chlorine-hydrogen  photometer. 
The  precipitation  of  gold  from  its  chloride  by  the  aid 
of  peroxalate  of  iion,  a  process  invented  by  Dr.  J.  C. 
Draper,  and  various  photographic  operations,  are  more 
or  less  used  for  special  purposes. 

Rumford's  depends  on  the  principle  that,  of  two 
lightfl,  the  most  brilliant  will  cast  the  deepest  shadow. 

What  is  tho  cause  of  shadows?    What  is  the  difference  between 
common  and  geometrical  shadows?    What  does  tho  illnininatinf' 
power  of  a  l^ht  depend  upon  ?   Wlint  are  tbs  ptincipal  methods  eit  - 
photumeti'j'f   Dcscriho  Unmford's  method. 


no 
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If,  therefore,  the  Hghta  to  te  compared  are  modti  lo 
cast  sha<lon-s  ol'  the  same  opaque  body  siQc  by  side  on 
a  [Jiece  oi'iiaper,  lEie  eye  can  without  dilliciihy  determ- 
ine which  of  tlie  ehadows  is  daikost,  aiid  the  light 
wbidi  casts  il,  being  niwved  to  fi  gt'cater  diataoce,  or 
the  other  broiiglit  neufer,  when  the  two  ehadowa  are 
of  precisely  tlie  same  depth,  tlie  distaucoa  of  the  lights 
fi'om  tlje  paper  will  indicate  their  relative  illuminating 
power.  Thus,  if  one  is  twice  as  far  off  aa  the  other,  its 
intensity  is  four  times  as  great. 
Ritchie'a  photometer  depends  on  tlio  equal  iliiiiiiina- 

tion  of  sm-facca.  It 
copsists  of  n  box, 
a  (f,  six  or  eight 
ill  ches  looff,  and 
one  broac[  and 
deep,  65,  in 

A  tlie  middle  of 
il  wliiuEi  a  wedge  of 
"  wood,  /  e  ff,  is 

plnced,  wicii  ilB  an- 

gh,  e,  upward. 
This  wedgt!  is  cov- 
ered willi  ivhito  paper  iieatiy  doubled  to  a  sharp  line  at 
e.  In  the  top  oi  the  box  there  is  a  conical  tiihe,  with 
art  aperture,  rf,  at  its  upper  end,  to  which  tlic  eye  is  ap- 
plied, niiA  lliG  whole  may  be  raised  to  any  suitable 
height  by  means  of  the  stand  c.  On  looking  down 
through  r?,  having  previously  placed  two  lights,  iv  n, 
the  intensity  of  which  lye  desire  to  determine,  on  oppo- 
fiite  sides  of  the  box,  they  illnminate  the  paper  Kitr- 
JaccR  exposed  to  tlieni,  and  the  eye  sees  both  those  sur- 
faccs  at  once.  By  changin  t;  the  position  of  the  lights, 
we  eveutuftlly  mukc  them  iikiminate  th«  surfaces  equal- 
ly, and  then,  niestsuriiig  their  distances  from  e,  their  il- 
luminating powers  are  as  the  squares  of  those  clistnuwp. 

In  both  this  and  the  prGcetlmj^  method  a  diflicnlty 
arises  when  the  lights  to  be  compared  fire  of  diflereut 
lints.  To  some  extent  this  may  be  avoided  in  Kiichle's 
iustrnnienl  by  placing  a  colored  glues  at  (/. 

The  melhcd  of  e\tinrlioii  of  shadon-n  is  Trucii  more 

Dfscribi!  Iliicbiu's  pliwnrniiier.  How  is  ii  medi'  WliuL  difSuuIiy 
fs  ihepo  with  ilifse  two  motljoilsf 
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exact,  dififerences  in  the  colors  of  the  lights  even  serv- 
ing to  give  greater  accuracy.  It  depends  on  the  follow- 
ing principle.  If  a  light  13  made  to  throw  the  shadow 
of  an  opaque  object  upon  a  white  screen,  there  is  a  cer- 
tain distance  at  which,  if  a  second  light  be  brought,  its 
rays  illuminating  the  screen,  will  totally  obliterate  all 
traces  of  the  shadow.  It  has  been  found  that  eyes  of 
average  seasitiveness  iail  to  distinguish  the  effect  of  a 
light  when  it  is  ia  presence  of  another  sixt^-four  times 
as  intense.  The  preoise  number  varies  with  different 
eyes,  but  to  the  same  eye  it  is  always  the  same.  If 
there  be  any  doubt  as  to  the  perfect  disappearance  of 
the  shadow,  the  receiving  screen  may  be  agitated  or 
moved  a  little :  this  brings  the  shadow,  to  a  certain  ex- 
tent, into  view  again.  Its  place  can  then  be  traced,  and, 
on  ceasing  the  motion,  the  disappearance  verified. 

When,  therefore,  we  desire  to  ascertain  the  relative 
intensities  of  lights,  we  have  only  to  determine  at  what 
distance  they  will  extinguish  a  given 
shadow.  Their  intensities  arc  as 
the  squares  of  those  distances. 

The  chlorine-hydrogen  photom- 
eter, invented  by  Professor  J,  W. 
Draper,  depends  on  the  fact  that 
chlorine  and  hydrogen,  if  mixed  in 
the  proper  proportion  to  form  hy- 
drochloric acid,  do  not  nnite  in  the 
dark,  but,  if  exposed  to  even  a  fee- 
ble light,  combine,  the  gases  con- 
tracting more  quickly  as  the  light 
is  stronger,  and  turning  into  the 
acid.  The  oontrivauce  consists  of 
a  glass  tube,  abed,  Fig,  66,  with 
three  phitinum  wires,  fg  h,  fused 
into  it.  From  one  end,  d,  a  fine 
tube,  e,  projects,  provided  with  a 
scale;  the  other  end,  o,  is  closed. 
The  stand  k  supports  the  whole. 
When  the  instrument  is  to  be  used, 
it  is  filled  with  hydrochloric  acid, 
and  the  wires  /  and  g  connected  with  a  voltaic  bat- 

What  is  Uie  principle  of  tbe  method  of  exdnction  ?  Ile«:^c«,  -acsi 
clilorine-hj'drogeii  pbotomcter.    Hov  is    tanAa  vwA:]  W  'oxa'^ 


Fit),  as. 
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lerj',  so  lliat  clilorino  maybe  ovolved  from  ij  and  hydro- 
gen from  f-  As  &oon  !ih  Iho  ftciil  in  Llic  Jiinb  <i  h  k  is 
flatni-atcd  with  chlorine,  tbo  polo  of  the  vnltaie  baltcry 
thai  had  been  connected  with  y  is  dipped  into  the  mer- 
cury cup  of /i.  Ciiiorine  aud  Ilydrol^eIl  ihcji  ncciimiilale 
together  ill  <i  S,  which  part  is  to  be  covtrcd  with  an 
opaque  screen.  The  acdd  at  the  6am«  time  rises  in  the 
fiue  tube  e. 

On  t.aliLDg  ofi'  the  screen  over  n  h  nnd  exposing  the 
photaoieter  to  light,  the  chlorine  and  liydrogen  at  ooce 
oomiiieuca  lo  unite,  and  the  acid  descends  io  the  tube  e. 
The  iimonut  of  actiou  can  be  quantitativtly  ascertained 
by  esatiiiniiig  the  scale.  If  exposed  to  Biinhght,  a  vio- 
lent orplosion  will  residt,  and  the  infiti'ument  be  destroy- 
ed.  This  photometer  was  extensively  used  by  Professor 
Draper  in  his  Kese.mfiea  oii  Light,  published  in  the 
Fhilosophic;il  Miigazine.  " 

Light  does  not  move  from  point  lo  point  instanta- 
neouBly,  but  at  a  rate  which  ia  measurable.  From  ob- 
Bervationa  on  the  eclipsea  of  Jupiter's  satellites,  dud  the 
expenmenlB  ot'Poucanlt  and  Fiseau,  it  appears  that  this 
velocity  is  about  192,000  milcB  per  siiuond. 

When  !i  I'jiy  fiilla  upon  a  polished  surfnco  it  suffers 
reflcctioD,  and  when  it  Ihlla 
on  a  transparent  medium 
it  undergoes  refraction.  It 
ia  in  consequence  of  this 
that  convex  lensiGS,  as  in 
Fig.  C7,  converge  the  raya 
of  the  aim,  and  so  prodnce 
ft  higli  tenipcTatnro.  In 
this  application  they  ai"o 
called  ijLirning-glasges,  and, 
1*^5)  until  the  inVL'ulioQ  of  Iho 
voltaic  }iilc  nnd  oxyhydro- 
gen  blowpipe,  presented 
the  tnofit  cnereetic  moans  for  elevation  of  ten  i  per  a  lure. 
If  made  of  a  diamettT  from  one  to  three  leei,  they  will 
effect  the  fusion  of  mo^t  earthy  and  metallio  bodies. 
Evcii  gnld  and  silver  volatilize  at  tlio  focus. 

now  Li  iIio  nmoiml  of  licUl  known  ?  Whal  is  lUo  -vclDcitJ  of  liglii  ? 
■Whnt  nro  bmii ir^-gl asses f    lloiv  liigti  n.  lemperatiire  will  iIict  jmi* 
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LECTURE  XVni. 

Thb  CoKSimiTioN  OF  Solar  Light. — NeKtoii'a  Dis- 
coveries.— 7!ie  Soktr  Spectrum. —  Order  of  Jntemitj/ 
of  Light. — Fluorescetiea. —  Chemical  Effects  of  Light. 
— M-aunhofer''s  Lines.  —Spectral  Analysis.  —  Chem- 
ical Composition  of  the  Sun. —  2%e  ISpectroscope. — 
JP^otogrtgithy  of  the  J^ieetrwn. — Sl&stiric  Sp&^v, 

Sib  Isaac  Nbwtox  iirst  eucoecdcd  iu  pioving  tbo 
componnd  nature  of  light  by  the  aid  of  a  glasa  prism. 
If  the  Ehnttcrs  of  a  room  be  closccl,  Fig,ta. 
and  through  an  aperture  in  one  of 
them  a  beam  of  the  sun  enters,  a. 
Fig.  68,  it  pursnoB  a  straight  pnih, 
following  the  dotted  line  a  e.    X ow  - 
let  tho  prism  interpose  in  the  pui^i- 
tion  ^  c,  so  as  to  intercept  coniplute- 
\y  the  beam.   It  goes  no  longer  to  f, 
but  is  bent  out  of  its  course  and 
moves  in  tho  direction  d. 

Two  striking  facts  arc  now  to  be  reinai  kcd ;  fii-st,  tho 
ray  a  is  broken  or  refracted  from  its  path ;  and,  second, 
instead  of  forming  on  the  surface  d,  upon  which  it  falls, 
a  white  spot,  an  elongated  and  bcantifnlly  colored  im- 
age is  prodaeed.  These  colors  arc  said  to  be  seven  in 
number,  though  they  shade  imperceptibly  into  one  an- 
other— rod,  orange,  yellow,  green,  blue,  indigo,  violet. 
This  separation  of  the  colors  from  one  another  is  dedg- 
nated  by  tho  terra  disj^ersion. 

Newton  has  shown  that  white  light  consist^  of  these 
various  colored  rays  blended  together,  and  their  separa- 
tion in  the  case  before  its  is  due  to  tho  fact  that  the 
prism  refi'acts  them  unequally.  On  examining  the  po- 
sition of  the  colors  in  relation  to  the  point  e,  to  which 
they  would  all  have  gone  had  not  the  prism  intervened, 
it  is  ascertained  that  the  red  is  least  disturbed  or  re- 
fracted from  its  original  path,  and  tho  violet  most.  For 

Hovr  maj  tlic  compound  nature  of  light  be  proved  ?  What  fuels 
are  remariiod  on  poBsing  light  ihroagh  a  pritm  ?  What  is  dlsper- 
rfon?  What  Is  meant     least  and  tnott  tQ(nn^V\&n:j«i'\ 
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this  I'canon  wo  call  tlio  Teil  the  Wst  refrangible  raj-, 
tiie  violet  tlie  most  refrangible,  and  the  yellow  interDic- 
d  lately. 

Tliat  the  mixture  of  th^ese  colorod  rays  reproducQB 
white  ligTit,  may  Tje  proved  by  re- 
sorting to  any  optical  coiilrivancD 
wiiicli  will  reassemble  them,  as,  i'or 
instance,  .moltier  prism,  aet  with 
its.  back  iu  the  opposite  direction 
to  the  firEt  one,  or  a  color-blender, 
Fiff.  60.    This  consists  of  a  light 
disc  mounted  upon  an  axis,  around 
wllich  it  tniiy  be  caused  to  revolve  with  rapidity.  Upon 
fifi_-!,i    its  faciC  are  painted  tlie  seven  principal  colors. 
On  causing  it  to  rotate,  tho  colors  blend  togeth- 
er and  the  disc  &eem9  nearly  white. 

Let  V  r,  Fig.  70,  represent  the  Bpectrum  which 
is  given  by  a  sunbeam  after  its  passage  through 
a  prism,  and  c  the  point  to  which  it  would  have 
j^one  had  not  t!ie  prism  intervened.  The  order 
ipf  colors,  comniencing  with  that  which  is  least 
disturbed  from  its  path  or  uearest  to  c,  is  as  fol- 
lows : 


Rc(3, 
Orange, 
Tellow, 
Green, 
liesidoa  this  difference  in 


Bhic, 

Indigo, 

Violet. 


color,  the  light  differs  in  in- 
trinsic brilliancy  in  tho  dilTfireiit  spaces.  Thus,  if  we 
receive  the  BpeCtruni  osi  a  piece  of  finely-printed  paper, 
■we  can  read  the  letters  In  each  color  at  -very  different 
distances.  In  the  yellow  region  the  light  ia  most  bril- 
liant, and  there  we  can  read  farthest.  From  this  point 
the  light  declines  in  brilliancy  to  the  two  ends  of  the 
ppectrnm,  its  intensity  in  the  colored  epaeea  being  in  the 
following  order:  yellow, green, orange,  red, blue, indigo, 
violet. 

It  was  discovered,  however,  by  Stokes  .that  if  tho  pa. 
per  ibe  impregnated  Ayith  an  acid  solution  of  sulphate 

Hq-iv  m.iy  Ilie  rceoni[)osi  rion  iif  ivliilu  liRliI  bo  cffeclcd  ?  Deacribo 
llie  rolor-blfliiiiler.  Whni  is  tlie  nriler  nf  tlio  colors  ?  How  can  wo 
slioiv  llid  differeneo  of  brillinney  in  diffcrpnt  parts  of  tlic  spectfuin  ? 
WUnt  K  (lie  order  of  brilliancy  of  tho  eolora? 
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of  qaiDine,  the  visibility  of  the  raya  at  the  violet  end  of 
the  spectrum  is  much  increased.  He  attributed  it  to 
the  lowering  of  the  refraugibility  of  those  extreme  rays 
80  as  to  bring  them  into  the  visible  group.  Decoctions 
of  borse-cbestnut  bark  shows  the  pbenomenoa  parUcu- 
la^  well :  it  is  lermedjluoreacmce. 

The  alchemists  found,  centuries  ago,  that  the  chloride 
of  silver,  a  substance  of  snowy  whiteness,  toras  black 
OD  exposure  to  light.  More  recently  a  great  nsmber 
of  sncm  bodies  have  been  found — bodies  which  chan^ 
with  greater  or  less  rapidity  under  the  influence  of  this 
agent.  The  iodide  and  bromide  of  silver,  which  form 
the  basis  of  photography  on  glass,  are  such.  In  the 
same  manner,  changes  take  place  in  a  great  variety  of 
organic  compounds;  the  most  delicate  vegetable  hues 
are  soon  bleached,  and,  indeed,  a  ray  of  light  can  scarce- 
ly fall  on  a  surface  of  any  kind  without  leaving  traces 
of  its  action. 

If  a  piece  of  paper  spread  over  wilh  chloride  of  silver 
be  placed  in  the  solar  spectrum,  it  soon  begins  to  black- 
en ;  but  it  does  not  blacken  with  equal  promptitude  iu 
each  of  the  colored  spaces,  the  effect  takmg  place  most 
rapidly  among  the  more  refrangible  colors,  and  especial- 
ly in  the  indigo  region.  As  in  the  case  of  heat,  the  e^ 
feet  extends  tar  beyond  the  limits  of  the  spectruni,  and 
where  the  eye  can  not  discover  a  trace  of  light. 

By  placing «  dilorine-hydrogcn  photometer  success- 
ively in  the  various  colored  spaces,  we  can  readily  de- 
termine the  place  of  maximum  action,  and  the  distrtbn- 
tion  of  chemical  influence  throughout  the  spectrum. 
The  greatest  effect  is  found  among  the  more  refrangible 
colors,  and  from  that  point  diminishes  toward  each  end 
of  the  spectvuni. 

When  the  aperture  which  admits  a  ray  of  light  into 
a  dark  room,  S^iff.  68,  is  a  narrow  fissure  or  slit  not  more 
than  one  thirtieth  of  an  iucli  in  width,  the  spectrum 
which  is  formed  by  the  action  of  a  prism  is  crossed  by 
great  numbers  of  black  lines.  These,  called  Fraunho- 
ler's  lines,  are  always  found  in  the  same  position  as  re- 

Whnt  is  fliiorcscfTic?  ?  What  clmngcs  occur  in  chloride  of  silver 
in  the  light?  Mention  oilier  subsiancea  afifected  by  light.  How  does 
chloride  of  Eilror  act  in  tha  Bolar  ■p«otmm  J  How  may  the  point  oC 
maximum  action  be  fimnd  ?  Hoir  eaiiEtaaalKMi'^e&^^Dtnnit. 


mmo'ii'is&'s  USES. 


Rjiects  the  colored  upacBB,  nnJ,  from  the  invariability  of 
F!„.ii.    tlmt  poEilion,  arc  used  an  lioimdDry  in;irks.  The 
more  prominent  ones  arc  tlesigiiatt'il  by  ihc  let- 
ters of  tlio  alphabet,  and  tlieir  relsilive  niugni- 
tiide  mid  position  is  given  in  Fif/.  11. 

Wiien,  instead  of  solar  light,  light  iVom  olher 
sources,  as  a  candle,  the  stars,  the  electric  spark, 
etc,  19  used,  the  number  and  position  of  the 
lines  is  entirely  changed.  On  causing  various 
bodies  to  volatilize  in  the  fiame  of  a  epirit-Iniup 
or  gas-bin'tier^  a  characteristic  bright  groiiji  ap- 
pears for  each,  and  by  the  aid  of  n  prism  prop- 
erly arranged,  we  are  eoableil  to  find  out  the 
chemical  composition  of  many  bodies,  and  even 
ascertain  the  preeenco  of  traces  loo  minute  to 
he  detected  in  any  olher  inanner.  This  branch 
of  chemical  inquiry,  called  spectroscope  analysis, 
received  a  great  impulse  from  the  discovery,  by  Kirvh- 
hoffand  Eimsen,  of  tv'o  new  metals,  eaesiimi  and  rubid- 
ium, in  certain  mineral  waters.  The  former  gives  char- 
acteristic blue  lines  iii  the  spectrum,  the  latter  red  ones. 

Tiicy  also  made  the  discovcj-y  that  ou  passing  a  beam 
of  light  from  aia  ignited  solid,  which  was  shown  hy 
Professor  Draper  to  have  no  fixed  lines,  through  a  flame 
in  which  such  a  sabstanco  as  sodium,  for  example,  was 
vol atili King,  instead  of  the  bright  yellow  lines  uaiiaUy 
given  by  that  EubstancQ  appearing,  lher*came,  in  their 
place,  blflck  lines,  tho  flarao  havinp;  absorbed  tlie  raja  it 
■would  otherwise  have  yielded.  They  were  hence  led  to 
conclude  that  tlio  Hues  in  tho  Bolar  Epectruni  nro  due  to 
the  absorptive  action  of  the  atmosphere  of  that  body, 
aud  that  ive  could  infer  hia  chemical  composition  hy  com- 
paring tho  solar  spectrum  with  that  of  fiamea  in  which 
the  \'anou8  elements  were  burning.  In  the  samo  man- 
ner the  composition  of  the  stars  lias  been  csamined. 
The  ntmo.'iphere  of  the  sun  containa  sodium,  potassium, 
mairnceiimn,  caleium,  iron,  chromium,  .ind  uiclicl,  besides 
many  other  substances.  The  only  difficulty  in  tho  way 
of  this  hyiiothesis  is,  that  it  is  known  that  n  change  iu 
temiieriUure  may  vary  the  position  of  tho  spectral  lines. 

How  nro  they  dcBigDaleii  7  Are  tlicy  iho  tame  in  nil  tin  ds  of 
liEliii*  WTiBt  is  spccirD«co|ve  anulTeia?  What  were  Buiisiiii  nn4 
Eirclihotf's  discoveriea?    Vfha%  meiiila  nrc  foiinil  in  the  sun  ? 
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The  instniment,  the  spectroscope,  wliicU  is  in  common 
nae  in  laboratories,  is  constvuctetl  as  follows :  7*,  J^iff.  72, 


rGpi'«senl,3  n  lliiil.  gluss  pri^^m,  siippoi'i-ed  on  a  firm 
statid,  _fT  Tlje  tubu  A  lias  a  lens  at  tlio  end  next  tlio 
prisQi,  aud  a  vertical  slit  at  the  oilier,  the  tube  being  of 
sneh  a  length  tliat  tlie  focus  for  parallel  rays  falls  on  the 
slit.  At  Ji  is  aa  obseiTing  telescope,  having  a  leus  at 
Ibe  cud  nest  tbc  prism,  aud  an  eye-piece  at  the  other: 
it  is  ailjusta'ble  by  the  two  screws  a  b.  The  toleacopQ  G 
Las  also  a  Ions  toward  the  pnsm;  but  at  its  other  end, 
and  iu  iho  focus  of  the  lens,  is  a  Hcale  on  an  opaquo 
ground,  which  ia  to  bo  illuminated  by  a  feeble  light; 
d  is  an  adjuBtiug  screw. 

Li  tho  use  of  the  instrument,  the  eubslaucc  to  be  ex- 
amined is  placed  in  the  flame,  c,  of  a  i?as  btii'ner,  F.  The 
rays  pasa  down  the  tnbe  Jl,  are  rendered  parallel  by  its 
lena,  piisa  through  tho  i»rism,  aro  refracted  and  suifer 
dispersion,  and  the  resulting  speetrnni  ia  examined  by 
the  telescope  S.  As  a  reflection  of  the  scalu  C  ia  seen 
at  the  same  lime  in  the  field  of  _B,  the  position  of  the 
different  liries  may  be  measured.  liy  tbe  aid  of  the 
fliime  J>  and  a  reflector,  two  spectra  may  be  seen  iu  S 
at  the  same  time. 


DB^eribe  Iho  constniclion  of  (lie  speclroscopp.    Huw  wiVasRSi't 

E 


The  (Jelicjicy  of  the  reacliona  is  sliown  Ijy  the  stttte- 
raeiit,  that  by  the  niJ  of  ihe  spectroscope  ^suiuuo  of  a 
grain  of  fioJiuia  cau  be  detected. 

The  position  of  many  of  these  fixed  lines  of  the  solar 
spectrum,  including  those  at  the  more  i-efraugiUc  end, 
has  Leuii  Jclermiiied  by  the  aid  of  photography,  Pro- 
feesni-  Urapui'  having  iii  at  iihotographed  tireni  in  1842, 
and  discovered  four  great  groups,  codtaiuing  many  Ijiind- 
red  lines,  which  he  named  M,  N,  0,  P,  and  which  arv  iu- 
visihle  to  the  eye. 


Wlmt  is  llie  delicncy  of  spcclrnl  iTnctiun^?  Uf  ivliat  uau  i» 
logTPphj-  in  ejieptnil  iiiuilvsis? 
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Tilo  fipeetra  of  raany  substnnces  can  only  be  seen  hy 
haviug  recourse  to  the  aid  of  RiiLnikorlT'B  coil,  Uic  teriii- 
iual  wires  being  coated  with  Ihe  body  to  be  tried,  or 
else  llic  spavli  passed  through  a  vessel  or  lube  contain- 
ing H. 

Id  l^ff.  'J3,  No.  1  bIiowb  the  pnucipal  dailr  lines  of  tho 
solar  ept'fitrtim ;  2  represents  the  spectral  lines  or  bands 
produticd  by  the  absorbing  action  of  bromine;  3,  those 

Piff.  74. 


What  lilies  ^Tg,  TS  re|'rfti"Mii  ? 
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of  nitrous  acid;  4,thosfl  of  perohloride  of  rarmganeae; 
5  is  the  &pectrum  obtained  hy  burning  chloride  of  cop- 
per ill  alcolioU  and  6,  boracic  acid  in  alcohoL 

111  Fiff.  74  the  solar  spectL-nm,  with  ita  principal  lines, 
K  placed  above,  and  below,  in.  order,  are  the  spectra  of 
polaaaium,  "sodium,  lithium,  rnbidium,  caeBiura,  etrou- 
tiuni,  cakuum,  bariam,  and  thalltnm. 


LECTURE  XI5. 

Wate  TiiEOET  OF  Light. — 7Voo_/j(  of  the  .Existence  6f 
the  Ether. — Li(iht  consists  of  Waves  in  i(. —  The 
Mfterettl  Particles  mowe  but  little. — Distiiictian  he- 
li(!e(!i  Vibration  and  UndiilaUon, — J^csnePs  Theoiy 
of  Tmnsv<erseyibrations. —  7)-aj>sverse  and  JVbrmai 
Wavei. — BriUiajicy  of  lAght  depends  on  Jlmplilude 
of  YiOralivn. 

The  cause  of  light  is  an  iradulatoi'j  movement  taking 
place  in  the  ethereal  medium.  That  such  a  medium  ex- 
ists throughout  all  epace,  Bcems  to  be  pro-ved  by  a  num- 
ber of  astronomical  facta.  It  exerta  a  reHisting  agency 
on  bodies  moving  in  it.  From  ita  tenuity,  we  Bliould 
scarcely  expect  that  It  would  impress  a  marked  distnrb- 
aqce  oa  the  great  planetary  nmsses,  but  on  cometary 
bodies  that  are  light  and  gaseous  it  produces  a  percept- 
ible action.  The  comet  of  Encke,  with  a  period  of  about 
lZ0OdayB,i8  accelerated  ia  each  revolution  by  about  two 
days,  aud  that  of  Biela,  with  a  period  of  2400  days,  is  ac- 
celerated by  about  one  day.  As  thero  ia  no  othci'  obvi- 
ous cauao  for  thesei  results,  astronomera  have  very  gen- 
erally lookect  upon  them,  as  corroborative  proofs  of  tho 
existence  of  a  resiatiug  medium — that  nnivereal  ether  to 
-which  ao  many  other  facta  point. 

In  this  elastic  medium  undulalory  movementa  can  be 
propagated  in  the  saniG  manner  as  waves  of  sound  in 
the  air.  It  is  to  be  clearly  understood  that  the  ether 
and  light  are  distinct  things;  the  latter  is  merely  the 
effect  of  raovenicnta  iu  the  former.  AtTnosplierio  air  ia 
one  thing,  and  tho  eound  "which  traverses  it  another. 

Whal  does  Fig,  T\  represent  ?  Vfhal  ia  the  rniiso  of  light  ?  Wlint 
proofs  have  we.  of  ihe  e.iisiDni'0  ofiin  etlier?    What  Ubtinction  is  lo 
mmle  betnaen  erher  iind  liglH? 
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The  air  is  not  made  up  of  tlio  notes  of  tlie  gattittt,  nor  ia 
tlie  ether  composed  of  the  eevea  colors  of  light. 

Across  the  ether  iinditlatory  movements,  resembling 
in  many  respects  tho  waves  of  sound  m  tlie  atmosphere, 
traverBo  with  prodigious  velocity.  From  the  eclipses 
of  Jupitev'a  satellites  and  other  aatrocomical  phenom- 
ena, it  appears  that  tho  rate  of  the  propagnliou  of  light, 
or  tho  velocity  with  which  these  waves  advance,  is  ahoiit 
1 02,000  miles  in  a  second.  "We  arc  not,  however,,  to  un- 
derstand by  this  that  the  Gthereal  particles  rush  forward 
in  a  rectilinear  course  at  that  rate ;  those  particles,  far 
from  advancing,  remain  stationary. 

If  we  tate  a  loug  cord,  ^iff.  75,  and,  having  fastened, 
it  by  the  eitreinity,  h,  to  a  fixed  obstacle,  commence 
agitating  the  end  a  up 
and  down,  the  eord 
will  be  thrown  into 
wavelike  motions  pass- 
ing rapidly  from  one 
end  to  the  other.  This  may  afford  us  a  rude  idea  of  the 
nature  of  ethereal  movementB.  The  particles  of  which 
the  cord  is  composed  do  not  advance  or  retreat,  though 
the  undulations  are  rapidly  passing. 

A  distinction  is  to  be  made  between  the  words  vibra- 
tion and  uudiilation.  lu  the  case  of  the  cord,  Fly.  15, 
tlie  vibration  ia  represented  hy  the  movement  exerted 
by  the  band  at  the  free  estrenaity,  ay  tho  undulation  is 
the  wave-like  motion  that  passes  along  the  cord.  Wo 
see,  therefore,  that  theso  stand  in  tlje  relation  ofofinsa 
and  effect:  the  vibration  is  the  cause,  and  the  undida- 
tion  the  effect.  Throughout  the  ethereal  medium,  each 
particle  vibrates,  and  transmits  the  nndulalory  effect  to 
the  particles  next  beyond  it. 

In  the  same  way  as  a  vibrating  cord  agitates  the  sur- 
rounding air  and  mates  waves  of  BOUUd  pass  through 
it,  BO  does  an  incandescent  0>'  ehjning  particle,  vibrating 
with  prodigious  rapidity,  impreaa  a  wave-like  motion  on 
the  etlier,  and  the  movement  eventually  impingiug  on 
the  eye  is  what  we  call  light. 

To  refer  again  to  the  aimplc  illuBtration  given  in 

What  in  the  velocity  of  light?  Wlial  does  Fig.  75  illitstrnle? 
Wiint  is  tlie  distinction  between,  vibration  imJ  iinilulntiflfl ?  Haw 
does  a  Bblning  pnrticla  cocimunicntc  Jta iia^ rtsaiiii^v \a iXwi.  t-jat 
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^g.  7fi,  it  IB  obvious  that  there  is  an  infinite  variety 
of  liirt'clioiiH  in  which  wc  mtiy  vibrate  tliflt  cord,  or 
rfirow  il  into  uodulntions.  Wo  may  move  it  up  ami 
(litwri,  <ir  liorizonlally  riglit  and  Itft,  and  also  in  an  inli. 
iillo  iiiMiiljifr  of  intorniediiiLe  directions,  every  one  of 
TO,  which  is  transverse, 

or  at  right  nuglea  to 
the  length  of  the 
cord,  as  a  a,  bh,  cc, 
ctc.,i''/(;.  10.  This  is 
tho  peculiarity  of  tlAC 
11)11 1 CM i>'lil  f'f  Unlit-  It"  viltrntions  are  transverse  to  the 
tuittw  llm  I'liy,  tuul  in  lliirt  it  difl'crs  from  the  movo- 
llifltt-  'if'iiiKiii'),  III  >t'hluh  Vho  vil>rAtions  aro  normal ;  that 
)«i  I'l  efiy,  iPi  illniiil.lun  ul'  llm  rgsnlliug  M'ave,  and  uot 
tUiUi  ii(i[jl<ia  III  ll.. 

'J'ltiN  (jRiiil'  (lldiiiivhr'y  i<r  ttiit  trnnsvei'so  vibrations  of 
li^H        liiii'lui  [py  Mf1''i'iii»nrl. 

ft  \my,  Imjwi^vdi',  Iiu  miiLarkcLl,  tliat  though  light  con- 
i>i  mya  ori^limtliiK  in  lliuno  trnnsverso  motioDg,it 
j»  ||l)|iite6ilil«  tlilit  lltcro  mny  bo  other  phenomena 
»*hii;h  onrrusjiiiiid  to  innvuniL'iits  iti  other  directions. 
'Vn  lIuiBa  iiiovunivnta  oni"  cyea  ore  totally  blind,  and 
\t\ntiiii  WC'  cfiil  not  H[ieu1(  of  lliem  na  light.  lu  the  sanie 
way  lltcra  may  bu  mutioiis  in  tlic  air  -dno  to  transverse 
vihnitiona,  Ijiit  to  ihcin  onr  oar  is  perfectly  Jcaf. 

LiyliLB  difl'ur  from  each  other  in  two  striking  parlicu- 
Itira  — bL'ij,li;niey  iinil  color.  Tiieso  are  cletcrminod  by 
Wii'lttin  iiualitios  in  tho  ■wnvca.  On  the  siirl'ace  of  water 
wo  iiKiy  have  a  wnve  not  an  iiioh  m  altilnde,  or  a  wave, 
u*  the  ])lir."i8o  i«,  "mountains  high."  Under  these  cir- 
L'lniihtattcois  wnvcH  tire  Hftid  to  tliflur  in  ani])littidc;  and 
lriiin>rfri'iii;{:  thin  illnntntion  to  tlio  case  of" light,  n  wave, 
the  nniplitiido  of  whicli  is  great,  impresses  us  with  a 
nense  ofiiitonitity  or  briilinney,  but  a  wave,  the  nmpli- 
tmlu  of  which  is  le8«,  ia  less  bright.  The  brilliancy  of 
litlhl  di'penda  on  tlio  rnugniliide  of  the  excursions  of  the 
vihratin;,'  pnrtioles, 

111  )ii)w  iiiiiny  wnvh  inny  iv  rord  bo  vlhrnlotl?    Am  oihor  motions 
uriltu  ntlirr  |.'»'illJi'<r    III  wliiir.  iiiLrikiiliiis  ilu  Hts'it"  'lifTcr?  Whnt 
■wi  u(  iJiu  liiflbjuiivii  ill  lirllliuiii.'j'  't 


COLORS  DEPEND  OM  WAVE  LENGTH. 


103 
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Wave  Theoky  OS-  Light. — -Colors  of  Light  depend 
vpon  Wave  Lengths. —  Interfirence  of  i^omtds. — 
Young's  Theory  if  the  InterfereDce  of  Lif/ht. —  Cm- 
(liliOTis  of  Interference. — Mrplanation  of  flights  and 
Wtades  in  ShmlQifs. 

Bt  the  Icngtli  of  a  wave  upon  water,  ive  mean  llie  dis- 
tance lliat  iiitei'veTies  fi-oin  Fig.u. 
the  crest  of  onii  wave  to  that 


fr 

T 

sion  to  depression.   Thus,  in 
Fig.  T7,  fi'om  a  to  c  consti- 
tutes the  wave  length,  and  from  fi  \,Q  b  its  altituda  or 
height. 

In  tlie  etlier  the  length  of  waves  (letorminea  the  phe- 
nomeiioa  of  coior.  Tiiis  luay  te  rigorously  proved,  as 
we  shall  soon  see  wlien  wo  como  to  tlio  methods  by 
which  philosophers  have  determined  the  absolute  lengths 
of  undulations.  It  has  been  Ibund  that  tho  longer  waves 
give  rise  to  red  light,  the  shorter  ones  to  violet,  and 
those  of  intermediate  magnitudes,  the  other  colore  in 
the  order  of  their  refraiigibility. 

Two  r!iys  of  light,  no  matter  bow  brilliant  they  are 
scpar.atcly,  may  be  brought  under  each  relations  to  ona 
another  aa  to  destroy  each  other's  effect  and' ]irodi)cB 
darkiiGsa ;  two  sounds  may  bear  such  a  riBl.alion  to  each 
other  that  they  shall  produce  silence ;  and  two  waves  on 
the  snrlUce  of  water  may  so  interfure  with  one  another 
that  tho  water  shall  retain  its  horizontal  position. 

Tilko  two  tuning-forka  of  tlie  same  note, 
and  fasten  by  a  little  sealio^-was  on  one 
prong;  of  each  a  diso  of  cardboard  half  nu 
inch  in  diaincter,  as  seen  in  Fiff.  TS,  a.  Make 
one  of  the  forks  a  little  beavier  limit  the  oth- 
er by  putting  ou  the  end  of  it  a  drop  of  tlie 
wax. 

Then  take  a  glass  jar,  b,  about  two  inches 
in  diameter  and  ci^ht  or  ten  long,  and  Iiav- 

Whiit  w  meant  liy  wave  letiRrliP  What  efiect  lim  [lie  Icn^tli  of 
undulnlion  on  tiio  color  of  ligl"?   DcscrilHi  tlie  exifetini'iM.'i.  i?iq.'Wi. 


mailfi  one  of  the  forkjs  vibrate,  bold  it  over  the 
ill  of  tlic  jar,  as  seen  at  d,  its  piece  of  cardlionrd  be- 
ing iluwiiwai'l ;  romuitnce  pouring  walc-r  iuto  tko  jar, 
BtiA  llie  fwjiind  will  be  greatly  re-culorced.  It  is  the  uol- 
iimn  of  air  in  the  jar  vibrating  in  unison  with  tbe  fork, 
nnil  wo  wljuxl  ila  length  by  |iouring  iu  the  water. 
WliiTii  tliu  ttnuEKl  is  loudest  ive  cease  to  pour  in  any 
mor«  waipr,  iho  jar  is  adjastod,  and  we  can  now  prove 
tlint  twi>  NOiiiids  n<l(]ccl  to4|;ctlicr  may  produce  silence. 

Il  ntntterH  not  wljich  fork  is  taken,  whether  it  be  tbs 
light  or  tho  loaded,  on  making  it  vibrato  and  holding  it 
over  the  mouth  of  tlie  resonant  jar,  we  hear  a  unitbrm 
nnd  <:loiir  hoiitkI,  wilhont  any  pause,  stop,  or  cessation. 
Jtut  if  W(i  itifikc  holh  vibrate  over  the  jar  together,  a.  re- 
inni'lcftbli.'  iplii.'tioiTiQuoii  ansc-8 — a  Bcriua  ofsounda  aSter- 
niitiii^  witri  n  nui'ich  of'nilcncea;  fov  a  moment  the  Eounil 
IfitiffflHoK,  then  dio«  away  and  ceasca,  then  Bwella  forth 
ii^iiitf,  rtii<l  iiyiii"  ilccIirit'H  j  and  bo  it  cowtiuucs  until  tbo 
i'triks  rmm  vihraliiij;.  Tho  lonnlb  of  these  pauses  may 
bo  Vfirloil  hy  piilliiiK  moj-o  or  k'sa  wnx  on  tlto  loaded 
folk  ;  mill  tin  wv  unit  huv  that,  oyqh  duritig  tliu  periods 
of  nllfiiMi'.  hiilli  Ibi'kM  iiv*3  rniiiilly  vibrating,  liie  experi- 
mt'iil.  [irovrn  t.liul  two  HOuailB  lakmi  together  may  pro- 

ll<l»(I  RilllllUlt, 

I'nilcr  Ihcdo  (lirciinistancos,  wjivcb  of  sound  are  saicl 
iu  iritiirliiru  wii.li  rmih  otliur,  iind  in  liko  manner  iuter- 
funuirit  tiikiix  |ilmui  ninoiig  tho  wiives  of  Uglit.  We  can 
Jjiith"!'  an  of  iliu  nioelisinisro  bj"  eoiieidcring  this 
J'lliiM  111  wiivi's  U|poii  wnlur,  In  \vlii<--h,  if  two  undulations 
■niii'Dillitor  cifii'h  itlln'r  ninlcr  such  drcnmsLances  that  tlie 
imni'avity  'if  ilm  unu  forrosiionJa  with  tho  convexity  of 
ilii<  utlmr,  ihoy  iniituiilly  duHtroy  oaoh  other's  eflcct- 

If  Iwi)  itvitU^Tnii  of  waves  of  the  sanie  loiiglb  enconn- 
tur  uufili  otlmr  iifler  having  eonio  through  paths  of  egi^ai 
immlU,  ihciv  will  not  interfere;  nor  will  Ihcy  iaterfere, 
in'iMi  tlioiiKli  there  ho  ri  rliflerencu  in  the  length  of  tbesc 
|iiilli8,  pi'iiviiliid  tlinl  the  dificrcncebo  equal  to  one  wbolo 
Wiivii,  ur  twu,  iir  three,  etc. 

Hut  if  two  vyKtoiiiD  of  waves  of  ei\no.\  length  enconn- 

WliuL  b  ihi  one  iif  tliu  jw  of  wniPi  ?  How  inoy  silence  lia  pro- 
ilili-t>i|  hy  III,,  nl.niliim  niniiii;-f"rkB?  Whiit  19  uieoiit  l>V  inlelfer- 
KliwuUmtn.l?  mnj  ilIu  illii«tniii-il Iitivhvi.k  cm  iviiW'  Uii- 

4wjr  nliu  mrcmiisiiKiuc.  d«  iinLl..l«il^,nii  iv-ml'urco  wiu  imuiborJ 
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ter  each,  otlier  after  liaviiig  come  through  paths  of  tm- 
egual  length,  they  ivill  iiilerfBre ;  and  that  interference 
will  be  complete  when  the  difl'erence  of  the  paths  through 
■which  they  have  come  ia  half  a  wove,  or  1  J,  ZJ,  3^,  etc. 

Tbese  cases  are  respectively  shown  nt  a  6  aiid  c  (?, 
Fig.  70,  at  the  point  of  encounter,  a:.  wigAs. 
Til  the  first  Instaace,  the  two  seta  of 
waves  are  iu  the  same  jihase,  that  is,  a. 
their  concavities  and  convexities  re- 
spectively correspond,  and  there  is  ^ 
no  interference ;  but  in  the  second 
case,  at  the  point  of  encounter,  ac,  the  ^ 
two  systcins  are  in  opposite  phases, 
the  convexity  of  the  one  correspondiDg  with  the  eon- 
cavity  of  the  other,  and  interference  takes  place. 

Upon  these  principles  we  can  account  for  the  remark- 
able results  of  the  following  esperinient :  From  a,  Incid 
point,  8,  J?i(].  SO,  which  may  be  Pfe.  bo. 

formed  by  the  raya  of  the  sun  con- 
verged by  a  double  convex  lens  of 
ehort  focus,  or  by  jjaasing  a  sun- 
beam  througli  a  pinbole,let  rays 
emanate,  and  in  them  place  an 
opaijiie  obstacle,  a  h,  which  we  will 
suppose  to  be  a  cylindrical  body, 
seen  endwise  in  the  figure.  At 
some  distance  beyond  place  a  screen  of  white  paper, 
e  <?,  to  recetve  the  shadow.  It  might  he  supposed  that 
this  shadow  should  be  of  a  magnitude  included  Pij.  si, 
between  a;  because  the  raya  £a,sb,  which  pass 
the  sides  of  the  obstacles,  impinge  on  the  paper  at 
those  points.  It  might  fartherlbQ  supposed  that 
within  the  space  the  shadow  should  be  uni- 
forraly  dusky  or  dark,  but  on  examining  it  sucb 
will  not  be  found  to  be  the  case.  The  shadow 
will  be  fonnd  to  consist  of  a  Bcries  of  light  and 
dark  stripes,  as  represented  in  ^'g.  81.  In  its 
middle,  at  c,  Fig&.  80  and  81,  there  ja  a  whits  Btripo; 
this  is  succeeded  on  each  side  by  a  dark  one,  this  again 
by  a  briubt  one,  and  so  on  a]te^n.^te1y. 

Under  what  circum.^iancGs  do  they  interfere  f  Describe  Fig.  7D. 
nestriho  (lie  experiment  Fig.  80.  "WTiat  ig  seen  on  tto  scwk^I 
How  ia  tliila  cspliiined  on  tlic  unditlatoTV  thcoT^I 

K1 


TTpon  tiie  undiilatory  theory  aU  this  is  readily  ei- 
ptaioed.  Sounds  easily  double  round  a  corner,  acd  are 
iitard  thoTigU  an  obstacle  intervene.  Waves  npoE  wa- 
ter pass  round  to  the  back  of  an  object  on  wLicL  they 
impinge,  and  tbo  nndnlations  of  light  in  tbo  same  man- 
ner flow  round  at  the  hack  of  the  cyliuder  a  b.  Fig.  80. 
And  now  it  is  plain  that  two  seriGS  of  waves  which  have 
passed  from  the  aides  of  the  obstacle  to  the  middle  of 
tho  shadow,  that  is,  along  the  lines  ae,  6  c,  have  gone 
through  paths  of  equa!  lenf;th,  ftlid,  therefore,  when  they 
eiicoiinler  at  the  point  e,  they  will  not  interfere,  but  ex- 
alt each  other's  effect. 

But,  leaving  this  eeutral  point,  e,  and  pnssing  to  f,  it 
is  plain  that  the  systems  of  waves  which  have  come 
through  the  paths  af,  bf,  have  coma  through  different 
distances,  for  bf  'is  longer  than  af;  and  if  this  differ- 
ence be  equal  to  the  leogth  of  half  a  wave,  they  will, 
when  they  Gnuonnter  at  the  point  y,  interfere  and  de- 
stroy each  other,  and  a  dark  stripe  results. 

Beyond  this,  at  tho  point  gr,  the  waves  from  each  side 
of  the  ohstaclo  ag,brf,  again  have  coMe  through  Tin- 
equal  paths  ;  but,  if  the  difference  13  equal  to  the  length 
of  one  whole  wave,  they  will  uot  interfere,  and  a  wbito 
E tripe  results. 

Reasoning  in  this  manner,  we  can  see  that  the  inte- 
rior of  such  a  Bhadow  consiBts  of  illuminated  and  dnrk 
BpaccB  alternately— illuminated  spaces  when  the  light 
haa  corao  through  paths  that  arc  equal,  or  that  differ 
from  each  other  by  1, 2,  3, 4,  etc.,  waves,  and  dark  when 
the  difference  between  them  is  cqnal  to  \,  H,  SJ,  3^,  etc, 
waves. 

That  it  13  the  interference  of  light  coming  from  the 
opposite  sides  of  tho  opaqtto  object  which  is  the  causa 
of  these  phenomena,  ia  proved  by  the  circumstance  that 
if  we  place  an  opaque  screen  on  one  side  of  tbo  obsta- 
cle, BO  as  to  prevent  the  light  passing,  tho  fringes  all 
disappear. 

What  is  iliR  cniisG  of  the  ivliile  stripe  in  the  centre?  'Wlinl  is  tlic 
canBe  of  the  tkrk  stripes  on  Bflch  Eidc,  nri]  of  the  irliite  sirifiCH  which 
SQpceed  ilipni?  How  caa  it  'ht  jiroTeJ  tliftt  iheso  tiripes  i^ault  from 
inurfarcDcc  'i 
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Wave  Teieobt  op  Light. — Jfeasurcmmt  nftha  Length 
of  a  Wave  of  lA^ht. — LengtliB  diiffW  for  (liferent  Col- 
ors.— JlfeasiiremonS  of  tlis  liapkiUy  of  VHration.— 
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The  esperimcnt,J7y.  80,  may  enable  us  to  determine 
the  leagtli  of  a  wavo  of  light.  This  inny  bo  done  by 
measuring  tlie  distaticea  «  f  anA  If,  or  from  the  sides 
of  the  oljstacle  to  the  first  bright  stripe  from  the  ccti- 
trnl  one,  for  at  that  point  the  dilferctico  between  those 
two  linos,  af  and  i  f  is  equal  to  the  length  of  ono 
wiive.  We  might  employ  the  second  bright  stripe; 
the  diff<iveucG  would  then  be  cqiml  to  two  waves. 

Farther:  if,  iustea.d  of  using  ordinary  white  light,  ra- 
diating from  the  hicid  point  s,  \vc  use  colored  lights, 
Eueh  ag  red,  yelJow,  bloe,  eto.,  in  suecession,  we  ehnll 
find  that  the  wa.v^  length  determined  by  the  process 
just  explained  differs  in  ench  case ;  that  it  is  greatest  in 
ted,  and  Bmallost  in  Aiiolet  light.  By  exact  experiments 
made  upon  methodij  more  compiicatQcl  than  the  element- 
ary one  here  given,  it  lias  been  foimd  that  the  different 
colored  rays  of  light  have  waves  of  the  following  leugth  i 

Wave  Lengths  of  the  Different  Colors  of  TAghJt. 
The  English  inch  ia  siipposod  to  be  divided  into  10  mil- 
lion eqnn!  parts,  and  of  those  parts  the  wave  lengths  are, 

For  red  lifjJit   95G  bhiG  light   19S 

"  oTQU^a  light   2W      "  indiEO  "    185 

"  yellow    "   227      "  Tiolet    "    174 

"  green    21 1 

In  this  manner  it  is  proved  that  the  different  colors 
of  light  arise  in  the  ether  from  its  being  thrown  into 
waves  of  different  lengtba. 

Knowing  the  rate  at  which  liglit  is  propagated  in  a 

How  can  the  length  dF  a.  wsvb  of  light  ba  mcasiireci  ?    What  rc- 
Etilbi  OQ  usinp  VBTioiis  colored  liglits?    Give  the  ware  Ica^Va  cA'&ia 
Jiflereub  colors. 
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second,  and  the  wave  length  for  a  parlicular  color, 
can  readily  tell  tlie  number  ot  vibrntious  executed  in  n 
Becoud,  for  they  plainly  are  obtained  by  dividing  102,000 
miles,  tlio  I'ate  of  propagation,  by  the  wave  lengtli. 
From  this  it  appeals  that  if  a  single  second  of  time  bo 
divided  itito  ono  million  of  equal  parta,  a  ivavc  of  red 
light  treniblca  or  pulsates  4S8  niiliious  of  times  in.  that 
inconceivably  short  interval,  and  a  wave  of  violet  light 
727  inillions  of  times. 

Common  light,  as  has  been  said,  originates  in  vibra- 
tory moliona  taking  place  in  evcvy  direction  transvei'ee 
to  the  ray.  With  polarized  light  it  is  different.  To 
gfttber  ati  idea  of  the  nature  of  polarized  Sight,  we  nuiSt 
refer  ouce  more  to  the  cord,  M'f/.  76,  which,  as  has  been 
said,  sen-ea  to  imitate  common  light  when  its  esfrenaity 
is  vibrated  vertically,  horizontally,  and  in  all  ictenne- 
diate  positions  in  rapid  snceession;  but  if  we  simply  vi- 
brate it  up  and  down  or  rigbt  and  left,  then  it  imitates 
polarized  light,  Polnrized  light  ia  therefore  caused  by 
vibrations  traoBverse  to  the  ray,  but  which  are  executed 
in  one  direction  only. 

There  is  a  cerlain  gem,  tbe  tourmaline,  which  serves 
exhibit  the  properties  of  polai-ized  light._   If  we  take 
~     "  a  thin  plate  of  this  BubBtanGo^ 

c  rf,  properly  cut  and  pohahedf 
and  allow  a  ray  of  light,  a  A, 
M(/.  8?,  to  fall  upon  it,  that 
ray  will  be  freely  transmitted 
throTigh  a  second  plate  if  it  bo 
held  Bymmetrically  to  the  first,  as  shown  at  ef;  but  if 
■we  turn  the  second  plate  a  quarter  round,  as  seen  atf/Ji, 
then  the  light  can  not  pass  through.  Tbe  rays  of  the 
meridian  snn  can  not  pass  through  a 
pair  of  crossed  tourmalines. 

The  cniiao  of  this  is  obvious,    It  W3 
take  .1  thin  lath  or  strip  of  pasteboard, 

"im   ^''J-      and  hold  it  before  a  cage 

JJJ  or  grate,  o*,  it  will  readily  8iii>  througli 

when  its  piano  coirieideswith  the  bars} 

How  cnn  "-B  Ufitcrmino  tlio  number  of  vllirflHonS  of  lipht ? 
onii?    Wlinl  ia  llie  ditfcrence  telwecn  common  iind  polanHlU  IlEUI  r 
Whut  nro  <lic  iTopcniea  of  ibo  loarmalinaP    Mo'"'        "ley  iJIUS' 
Oal^A.  bf  Fig.  8S7 


to 


Fig.  8J. 


F'l;.  Sfl. 
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bill,  if  we  ttivii  it  a  quai-ter  way  round,  as  at  e/,  then,  of 
course,  it  can  not  pass  llie  "bai's.  Now  the  plate  of 
tom'caaline,  Fig.  82,  c  d,  po'larizea  the  light,  a  fi,  which 
fall^  upon  it;  tliat  ia,  tbe  waves  that  pass  through  it 
lire  all  vibrating  in  one  plane.'  Tliey  pass,  ihei-efore, 
readily  through  a  second  plate  of  the  same  kind  so  long 
.IS  it  ia  held  in  such  a  way  that  its  structure  coincidea 
with  that,  motion,  but  if  it  be  turned  rouud  bo  as  to 
cross  the  wavea,  then  they  are  unable  to  pass  through  it. 

Thfire  are  many  ways  ia  which  ligiit  can  be  polarized 
— by  reflection,  refritctian,  double  refraction,  etc.  The 
resulting  motloQ  impressed  on  the  ether  is  the  same  in 
all  cases. 

Licfht  modified  us  just  described  is  designated  plane 
polarized  light,  but  there  are  other  varieties  of  polariza- 
tion. If  the  end  of  tha  rope,  Fiff.  76,  be  moved  in  a  cir- 
cle, circular  wavea  will  he  produeed,  imitating  circalarly 
polarized  light,  and  if  it  be  moved  in  an  ellipse,  elliptical 
polarized  light. 

When  a  beam  of  polarized  hght  ia  trauBuiitted  in  cer- 
tain directEons  through  plates  of  doublc-rofracting  bod- 
ies, splendid  pheiioaiena  of  coloration  are  produced. 
Plates  of  mica,  selenite,  or  quartz,  cut  in  a  direction 
parallel  to  that  of  the  optic  axis,  cause  the  image  to  aa- 
aiime  a  tint  which  may  bo  made  to  vary  by  rotating  the 
aoalyaing  plate.  If,  instead  of  an  analyzing  plate  in  the 
reflecting  apparatus,  a  crystal  of  calcareons  spar  be  sub- 
stituted, two  images  aro  seen,  which  are  tinged  of  coni- 
plennontary  htiea  at  all  parts  of  the  revolution.  Ky 
nsiug  a  platB  cut  from  an  uniaxial  crystal  perpendicular 
to  the  optic  axis,  a  eeries  of  colored  rings,  intei-Bected 
by  a  cross,  will  ha  observed.  With  biaxial  orystals,  a 
double  system  of  colored  rings  ia  formed.  In  unorya- 
tallizcd  media,  such_  as  glass,  which  am  suhinitted  to 
pressure  or  not  well'  annealed,  tho  sams  phenomena  nre 
showu,  .ind  can  be  varied  by  altering  the  shape  of  the 
piece  used. 

The  undulatory  theory  of  light  givc3  n  clear  account 
of  the  ordinary  phenomena  of  optics.  The  general  law 
under  which  light  ia  reflected  from  polished  surfaces  is 

By  whftt  menns  cnn  light  bo  polarized  f  Wbol  is  circular  polsr- 
ized  liglit?  What  is  ellijitical  poUriKed  light?  Haw  ia  oQl&t'WjRi^ 
produced  in  polarized  light? 
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Fig.si.  a  direct  coiiSDqaeDCB  of  it.  That  la^  ia, 
/a  that  the  angle  deb,  S-t,  made  hy  the 
reflccteii  raj  c,  with  n  pevjiendiculav,  c 
(iiawii  lo  the  point  e,  at  whieh  the  ligSit 
ini|)luges,  is  equal  to  the  angle  a  oh,  wlilch. 
the  incident  ray  makeB  ivilh  the  same  j)cr- 
peiidiculap,  or,  aa  it  is  biicfly  expressed, 
"tht;  iijigles  ofincidcDce  and  reflection  are  equal  to  eacli 
other,  aad  on  opposite  sides  of  the  perpenfliciilar." 

By  the  aid  of  this  law  we  eau  siiow  the  action  of  i-o- 
flectiog  Bui-faceg  of  any  Itimcl,  and  discover  the  proper- 
ties of  plane  and  curved  mirrors,  whether  they  be  con- 
cave or  convex,  spherical,  elliptical,  paraboloidal,  or  any 
other  figure. 

From  the  undidatory  theory,  the  law  of  the  refraction 
of  light  also  followa  as  a  necessary  eotieequcnco.  It  is, 
"  la  every  transparent  enbstanqe,  the  giues  of  the  aiiglea 
of  incidence  and  refraction  are  to  each  other  in  a  con- 
stant ratio,"  and  hy  the  aid  of  this  law  we  can  determ- 
ine the  action  of  niciJia  bounded  by  surfaces  of  any 
kind,  plane  or  spherical,  cooeave  or  convex.  It  explaiua 
the  action  of  lenses,  aud  the  constrnction  of  refracting 
telescopes  and  mi-croscopas. 

Sir  Isaac  Ifewton's  diseovery  that  white  light  arises 
froni  the  mixtui-e  of  the  different  colored  rays  in  certain 
proportions  explains  the  cause  of  the  colors  which  trans- 
parent media  often  exhibit.  Thus,  if  glass  be  Etaiued 
with  the  ojcide  of  cobalt,  it  allows  a  blue  light  to-  pass 
it ;  and  upon  such  principles  the  art  of  painting  on  ^lasa 
depends,  ditFerent  colors  being  communicated  by  differ- 
ent metallic  oxides.  The  cause  of  this  effect  ia  readily 
discovered ;  for,  if  we  make  iho  light  which  enters  a 
dark  room,  as  iti  J^i^.  68,  pass  through  such  a  piece  of 
stained  glass  before  it  goes  throtigh  the  prisju,  and  ex- 
amine the  resulting  spectrum,  we  find  that  several  rays 
arc  wanting  in  it;  that  the  glass  has  absorbed  or  de- 
tained some,  and  allowed  others  to  traverse  it.  A  piece 
of  blue  thus  snfl'crs  most  of  tho  blue  light  to  pass,  hut 
stops  the  (jrecn,  the  yellow,  etc.  But  it  ia  also  to  bo 
obacvved  that  the  light  M-hicli  is  transmitted  by  any  of 

"What  is  tho  In IV  of  ihc  relleciion  of  lipht  ?  WSint  is  iho  1n«  nf 
refrftclim  of  light?  Whnl;  ia  the  chobg  of  Iba  color  of  irnnRJJUrGiit 
media?    Is  tlic  light  tmnsmittcd  pure? 
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these  colored  media  is  not  pure ;  it  is  coiiUiuinuted  with 
otber  tints.  Tlio  blue  glass,  for  instance,  does  not  stop 
rU  the  roys  exuept  the  blae;  it  allows  a  large  portion 
of  the  reil  to  pass,  nnd  hence  the  light  it  IransmitB  is 
more  or  losa  conipoiind. 

The  color  of  an  opaque  object  is  due  to  the  samo 
cause,  the  substance  absorbing  the  rnys  of  one  or  more 
colors  and  reflecting  tho  rest.  It  apfiears  to  be  of  the 
color  til  at  it  reflects. 


LECTURE  xxrr. 

PflODUcnoN  OF  LiGDT. — ProfessoT  J.  W.  Draper's  Se- 
aearcJica. — -B.y  Jncandescence. — Point  at  which  Jiod- 
iea  become  Itcd-hol. — Ail  SnUds  sliine  the  same 
Degree. — Colors  emitted. — Rate,  of  Inoreane  of  In- 
tensity.—  Drod'ictioii  hy  Conibnstion. —  Xalvre  of 
jF7amts. — J3y  -P/iosphoresceficc, —  Control  of  2tmpi.r- 
atiire. — A/ipiicaiion  of  (he  Theory  of  VmktlaliQjis. 

Atheoeeticai  explanation  of  the  chemical  action  of 
light  iriiiat  depend  on  the  Tiewa  entertained  of  the  na- 
ture of  that  agent.  In  a  Eeries  of  memoirs  published  in 
the  London  and  Ediuhurg  Philosopbical  Wagazine  he- 
tweeti  1847  and  1851,  Professor  Draper  iuvcBtigated  the 
circumstances  under  ivhich  light  arises  by  artilicial  pro- 
cesses.   The  chief  results  obtained  are  as  follows, 

Thero  are  three  general  processes  by  fl'hicli  light  ia 
obtained  artificially :  1st.  liy  the  ignition  of  bodies ;  2d. 
By  their  combustion  or  burning;  3d.  By  phosphores- 
cenCG. 

1st,  Of  the  Production  of  Liijht  hy  lynition.  — All 
Bohd  Eubslances  eliiue  when  their  lemperalure  is  raised 
to  a  certain  degree.  The  point  at  which  this  occurs 
has  been  variously  cstimiited.  Sir  Isaac  Newton  places 
it  at  635°,  BiLvy  at  eiS^AVedgewood  at  947°,  Daniell 
at  960°.  By  inventing  improved  means,  Dr.  Draper 
found  that  for  platinum  it  ia  977°,  or,  if  Laplace's  co- 
efBcifnt  of  dilatation  be  used  in  the  calculation,  100C°. 

Wlinc  Ls  tliB  cautie  of  ihe  ctilor  of  opnque  objects?  How  mnj 
liBliibo  olitnined  artificially?  WhftCis  the  temperatare  lo  which  b 
soliil  mast  be  raised  before  it  shineaP  « 
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By  inclosing  a  nunfliGi"  of  different  Babstsoces  with  a 
niasa  of  platinum  in  a  gua-barrel,  tlie  tGriii>ei'atiire  of 
wtiicb  was  gradiii^Hy  vaised,  it  was  fomiJ,  on  lookiog 
down  the  barrel,  tliat  they  all  eomraeuced  to  sliine  at 
the  same  moment,  and  this  even  thongh,  as  in.  tbe  case 
of  lead,  the  melte-cl  condition  had  been  assumed,  "frof. 
Draper  tliercfore  inferred  that  all  solids  and  liquids  bo- 
giu  to  shine  at  the  same  degree  of  the  Llicr  mo  meter. 

The  color  of  the  light  wliich  the  ignited  substance 
emits  depends  upon  the  degree  of  heat  to  wtiicb  it  is 
exposed.  Making  dne  .illowance  for  the  physiological 
imperfections  of  the  eye,  there  can  be  no  doubt  that  the 
first  raya  ivhich  appear  nre  tlio  red,  and,  aa  the  temper- 
ature is  mado  gradually  to  asocnd,  the  yellow,  orange, 
green,  blue,  indigo,  and  violet  are  emitted  in  succesaion. 
At  2130°  all  these  colors  are  exhibited,  and  from  their 
commixture  the  substance  appears  lehite-Jiot. 

Aa  the  tciiiperature  of  an  incandescent  body  rises, 
therefore,  it  emits  raya  of  light  of  increasing  refrangi- 
bility. 

By  the  aid  of  the  method  of  extinction  of  shadows,  it 
"waa  proved  that,  as  the  temperature  of  an  ignited  Solid 
risea,  the  intensity  of  the  light  inoreaaea  very  rapidly. 
T"or  example,  platinum  at  2600°  emits  almost  forty 
times  as  much  Jight  aa  at  1900%  as  the  following  table 
fihqwE. 

Jhtcnsitif  of  T,ig?ii  emitted  by  J'latinum  at  differeiit 
Tempet'atitrcs. 


Tempemtiitu  of  Lhu  T^mlnuiti. 

InlDiitll;  ;i(lta  VAfhl. 

330° 

0.00 

0.34 

2016' 

0.152 

B180» 

1.73 

2.93 

4.40 

7.24 

2590" 

12.34 

From  a  parallel  aeries  of  e.tperimentSj  in  which  the 

Do  nil  golids  ehine  ot  tjio  aaitio  tomperBturo ?  "Whnt  doe*  thn 
color  of  liRht  cmilteJ  by  an  ignited  solid  di^pend  apon?  Whnt  is 
(he  first  Tav  [hat  appears?  At  wlia.!  temperature  nre  oil  ibe  pdIoi-s 
emitted?  Wliut  is  tha  reUtion  botivcon  llio  intensity  of  tbc  lighc 
iiiid  ih-e  tcDipcrniure? 


LIGHT  BY  COMfiCBTIQN. 


113 


heat  i-.idiated  by  tlic  ignited  plalhuim  was  meaenred,  r 
eti'iking  analogy  between  the  two  iigents  iippears.  Tims, 
iflho  quantity  of  lieat  radiated  by  plutiiiiiiu  at  080°  hu 
taken  as  unity,  it  will  liavc  increased  at  l-iiO"  to  ^..5, 
at  1000°  to  7.8,  at  330-0°  to  17.8  neariy.  The  rate  of 
increase  is,  therefore,  very  rapid,  as  iu  tlie  preoediag 
ease. 

2d.  Of  ths  Production  of  Light  by  Combustion. — It 
liaa  bGGn  long  known  that  all  commou  iliiincB  are  incan- 
descent shells,  the  Interior  of  whleh  ia  dark,  and  it  has 
been  Bnpposcd  that  tliere  are  certaiu  flames  which  emit 
particnhar  raya  only,  but  an  examination  by  Iho  prism 
i<!iowcd  thnt  in  every  flame  every  prismatic  color  is 
found,  Tbe  red  which  bnruing  cyanogen,  and  the  blue 
which  burning  snlphiir  emita,  are  compound  colors, 

By  buruiug  solid  carbon  iii  oxygen  gas,  it  appeared 
that  there  is  a  connection  between  tlio  refrangihility  of 
the  light  which  ft  burning  body  yields  and  the  intensily 
of  the  chemical  action  going  on,  and  that  tho  refrangi- 
hility always  increases  aa  the  chemical  action  increases. 

From  this  it  appears  th.it  flauies,  such  as  those  of 
lamps  and  candles,  consist  of  a  scrioa  of  concentric  and 
difl'eren  tly-colored  shells,  the  moat  interior  ono  heing 
red,  and  laving  a  temperature  of  077°.  Upon  this,  in 
succession,  are  placed  orange,  yellow,  green,  blue,  indi- 
go, and  violet  shells.  The  flame>  looked  at  directly,  ap- 
pears to  yield  white  light  because  of  the  commi-vture  of 
these  raya;  but,  on  being  submitted  to  tho  action  of  a 
prism,  they  are  EDparated  from  each  other,  and  iheii'  in- 
dividual existence  proved.  If,  therefore,  M'e  could  iso- 
late a  horizontal  section  of  such  a  flame,  it  would  have 
tliti  aspflct  of  an  iris,  or  rainbow  ring. 

Tlpon  the  principle  that  the  more  energetic  the  chem- 
ical action  the  higher  the  refrangihility  of  the  light 
emitted,  we  may  explain  without  (iirtiLmlty  the  colora 
which  different  flames  present.  The  red  tints  predomi- 
nate in  the  flame  of  barning  cyanogen,  because  in  that 
gas  there  is  an  element  wbiilly  incombustible,  the  nitro- 

'VPTiB.t  nnflloffy  was  shown  between  lient  nnd  llglitp  What  Is  llie 
construplion  of  b  Same  ?  What  relation  is  tlitre  between  chemicul 
nttioTi  anil  refronj,'ihi1ity  ?  Whnt  is  iha  colnr  of  the  jutcrior  of  a 
linmc?  What  colors  surroumi  ii?  Wliy  ia  tlia  flnmo  oF evanogen 
red? 
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gen.  This,  as  it  is  set  freo,  cuts  off  the  free  access  of 
liic  nil',  nnJ  the  burning  goes  on  lfLi'<lily,  vei-y  much  in 
the  siiiiiu  iiiPiniei'  as  in  an  oil-lamp  to  wliicL  tlic  oil"  is 
inipci'fctiiy  supplied.  On  llic  olhcv  liami,  carbouic  ox- 
ide biinia  bliK',  because  of  tEie  small  quantity  of  air  re- 
quired to  cni-ry  it  to  its  maximum  of  oxidation,  TliQ 
color  of  liaracs  depends,  therefore,  on  the  couijileteDess 
or  incompleteness  of  the  combustion,  this  principle  read- 
ily accounting  for  llioge  cases  iti  ivhicb  means  arc  used 
foi"  retarding  or  promoting  the  rate  of  burning,  as  where 
an  atmosphere  of  oxygen  is  used,  or  air  introfi need  into 
the  interior  of  a  flame  by  iDeaus  of  a  bloivpipe,  tbe 
briglit  bliio  cone  arising  in  this  latter  instance  being  a 
Ktriking  indication  of  the  increased  rapidity  of  combus- 
tion. 

Tbere  is,  therefore,  a  direct  coTiiiGCtion  between  tlie 
vehemenco  with  which  chemical  ai3inity  is  satisfied  and 
the  refrangibility  of  the  resulting  liE^tit.  If,  as  there  are 
many  reasons  for  supposing,  all  clicniica!  elinngos  ars 
attended  by  vibratory  movements  of  ibc  particles  of  the 
bodies  engaged^  it  might  well  be  anticipated  tbat  ibese 
vibwitiona  Ehould  increase  in  frequency  as  the  action  be- 
coiuea  more  violent ;  but  it  is  to  be  remembered  that  nn 
increased  freqnency  of  vibration  ia  the  same  thing  as  an 
increased  refrangibility, 

3d.  Ofihe  l-*i-oductionofJA.<j}dhyJ^}iosphorsscmc<i. — 
AH  solid  suhstjinces,  except  the  metals,  possess  the  prop- 
erty of  shininsi  after  they  Imvo  been  exposed  to  the  sun. 
Even  the  hand,  after  being  dipped  in  the  simsliiiie,  emits 
Bubeeqnently  light  enough  to  he  visible  in  n  dark  place. 
In  aorao  the  effect  lasts  bnt  for  a  moment,  in  others  it  is 
of  longer  diiriitioii  and  considerable  splendor.  Amorg 
the  beat  pbasphori  may  be  mentioned  the  snlpliide  of 
barium,  the  sulphide  ofcalcintn,  certain  varieties  offlnor 
Bpar  and  of  diamond.  Phosphorescence  has  generally 
been  regarded  as  nnattcnded  by  the  emission  of  beat. 
3t  does  not  refjnirc  that  the  psposure  to  light  should  ho 
protracted;  the  flash  of  an  electric  spark  is  siiflicient; 
but  the  pliosphorogenic  rays  can  not  pass  ihi-ongh  glass. 

Why  is  llic  flame  0?  cnrbonic  oxiJc  Mnc?  Wliat  docs  llie  color 
of  n  flaino  clc[«;ml  cn  ?  "WliJ  is  n  blcm  jiipc  flfline  bluc  ?  WliaC  suU 
FinnfCH  nrc  pliosphorcE petit  f  Mrntjijii  boiub  oF  llie  bcfC  ("hospliciri.. 
In  phuapliorcsceauQ  nticndeil  Lj  licai  'i 
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By  siiitalale  experimeplal  arrang'emeiit9  Professor 
Draper  ascertiLiiiGcl  that  tha  best  phosphoH,  when  nt 
thyir  mfiximiin*  of  glow,  do  not  increase  in  volume  by 
HO  miicli  as  the  -n-'nnr  I''"''  i  ^i^t;  that  there  is  n  luinut-Q 
expansion  can  not  be  doubted,  since,  wlien  meacs  suffi- 
cieiitly  deliciite  ure  resorted  to,  a  feeblo  ris€  of  tempera- 
ture can  bi!  detected.  The  intensity  ofllie  light  disen- 
gaged is  to  somG  extent  deeeptive;  for,'by  resorting  to 
tlie  method  of  the  extiiiclion  of  shadows,  it  ivas  aiiown 
tli.1t  a  line  specimen  of  chlorophaHe,  al  its  raiiximuin  of 
brightness,  yielded  a  light  three  thousand  times  less  in- 
tense thiin  the  flame  of  a.  very  small  oil  lamp. 

The  quantity  of  ligbt  a  substance  can  receive,  when 
exposed  to  the  sim,  depends  on  the  tenipemture.  The 
colder  tfio  phospliorns  U,  the  more  brightFy  will  it  6iib- 
sequerRly  shine;  if  kept  hot  during  its  exposure,  it  will 
not  shine  at  all.  If  a  diamond  placed  upon  ice  bo  sub- 
mitted  to  the  sun  and  then  brought  into  a  dark  room 
the  temperature  of  which  is  00°,  for  a  time  there  ia  a 
glow,  but  ]ii'esenlly  the  light  declines  and  dies  out.  Let 
the  diamond  now  be  put  in  water  at  10&°;  again  it 
Bbinea,  and  again  its  light  dies  airay.  If  it  next  be  re- 
moved from  that  water  and  suffered  to  cool,  and  then  be 
reiDimersed,  It  will  not  shine  again;  but  if  the  w.'Jterbe 
heated  to  200°  and  the  diamond  be  dropped  into  it, 
again  it  glows,  and  again  ita  light  dies  aw.iy.  There 
13  therefore  a  correspondenco  between  th-e  ligtit  disen- 
gaged and  the  temperature  applied. 

The  phenomena  of  phosphoresccneo  may  all  be  ex- 
plained on  the  principles  of  the  theory  of  unduliUions ; 
for,  from  a  shiuing  body  undulations  are  propagated  in 
the  ether,  and  these,  impinging  on  a  phosphorescent  sur- 
face, throw  its  molecules  into  a  vibratory  movement. 
These,  in  their  tnrn,  impress  on  the  ether  undulations  ; 
but,  by  reason  of  the  diffoi-once  of  its  dcnKity  compared 
with  tbat  of  the  molecules,  they  do  not  lose  their  mo- 
tion at  once,  but  tt  continues  for  a  time,  gradually  de- 
clining away,  and  ceasing  when  the  visvivd  of  the  mol- 
ecules is  eshauBted. 

We  may  therefore  abaodou  expressions  derived  from 

Whttt  effect  has  temperature  o-n  ]jliosphoTeacenpe?  Describe  iho 
Kiperimom  with  n  phosphorescetit  diamoni.  Explain  pLosphor- 
escancD  on  Ihu  undiilatory  Iij-pothcEis. 


118 


the  material  theory  of  light-,  euch  as  tibsorption  and  sub- 
sfifjutnt  miwsio)i  of  ths  luminous  agent,  and  coBcluds 
ihut,  whenever  n  radiation  falls  upon  a,  surface  of  any 
kind,  it  throws  the  particles  thereof  iato  a  state  of  vi- 
bration, as  ■\vbon  a  strOtclied  etving  is  niftdc  to  vibrlito 
in  sympathy  with  a  distant  musical  sound.  Tiiis  view 
inchidea  at  once  all  the  facts  of  the  Tidiation  of  heat,  on 
the  dynamical  hypothesis  and  the  theory  of  calorific  bx- 
changGB  ;  it  also  offers  an  explanation  of  the  connection 
of  the  atomic  weights  of  bodies  and  tiieir  specific  heats. 
It  BUggoata  that  all  cases  of  the  decomposition  of  com- 
pound molecules  under  tbe  iuQucnce  of  light  aro  owing 
to  a  want  of  conseutaneousness  io  the  vibrations  of  the 
impinging  ray  and  tliose  of  the  molecular  group,  wlitcb, 
unable  to  malotaiu  itself,  ia  broken  down,  under  the  po- 
riodie  impulses  it  is  receiving,  into  other  group9(  which 
can  vibrate  io  unison  with  the  ray. 


LECTURE  XXni. 

CnEMiCAL  Action  of  Light. —  Action  of  Natural 
and  Artificial  lAgJits. — Preliminary  Absorptioji. — 
Change  in,  the  Ray. —  N^e^sity  of  Absorption. — 
Spectral  Tmprcssions. — Xs^/tf  fames  Vegetation  by 
its  Yellovj  Ray. — Tfie  Indifjo  May  tletermines  the  Di- 
rection of  Growth. -^i}ffect  of  AmpUtiule,  R-eqvenci/f, 
and  IHreciion  of  TTndulations, 

Frosi  whatever  Boiivco  it  m.ay  be  derived,  light  ex- 
erte  chemical  action.  The  mooubeama  are  sgfticiently 
intense  lo  give  copies  of  that  satehito  on  sensitive  sur- 
faces, as  my  father  found  in  1B41.  Recently  I  have  suc- 
ceeded, by  the  aid  of  a  reflecting  telescope  of  ISJ  inches 
apertura  which  I  coustructcd,  in  producing  photographs 
of  tliat  body  50  inches  in.  diameter,  Lamplight  and 
other  artiticial  lights  arc  often  peculiai'ly  energetic. 
These  decomposing  effects  take  pUco  on  thcise  portiona 
of  the  substance  only  on  which  the  rays  actually  fall. 
Tliere  is  no  lateral  spreaduig,  nothing  analogous  to  con- 
duction. 

When  a  eenaitivo  eubstaneo  receives  lipht  for  a  short 


What  is  tlio  caiiao  of  tho  ilccoinjiDiilion  uf  Bu'bstsnccs  hy  light? 
Does  liic  moonlight  exert  chettiicnl  nclioEi? 
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space  of  time  no  change  tnkes  place,  the  mys  are  heing 
actively  absorbed ;  but  as  soon  as  tliat  prelimidary  ab- 
eoTption  ia  over  they  act  in  a  manner  ■which  is  perfectly 
definite :  if,  for  instance,  it  be  a  decompositioti  tliiit  they 
aro  bringing  about,  the  amount  of  decomposing  effect 
wiil  be  precisely  pvoportional  to  the  qasutity  of  raya 
absorbed. 

When  a  befini  from  any  shining  boui'cg  causes  a  de- 
composing effect,  it  ia  always  itself  disturbed  ;  the  me- 
dium wbicli  is  changing  impresses  s.  change  in  the  ray. 
.Thus,  a  mixture  of  chlorine  and  hydrogen  unites  nnder 
the  influence  of  a  ray,  but  that  portion  of  the  ray  which 
passes  through  the  mixture  liaa  lost  the  quality  of  ever 
bringing  about  a  like  change  afjain. 

When  a.  beam  from  any  ahining  source  falls  on  a 
changeable  medium,  a  poutioii  of  it  is  absorbed  for  the 
purpose  of  effecting  the  chantey  and  theTesiduo  is  either 
j-eflected  or  transraitted,  and  is  perfectly  inert  as  respects 
the  medium  itself. 

No  chemical  effect  can  therefore  be  produced  by  raya, 
except  they  be  absorbed.  It  is  for  this  reason  that  wa- 
ter is  never  decomposed  by  the  Bunshine,  nor  oxygen 
and  hydrogen  mado  to  unite ;  for  tlicss  Bubstaneca  are 
all  transparent,  antl  allow  the  rays  to  pass  without  any 
absorption,  and  absorption  is  absolutely  necessary  before 
chemical  action  can  ensue. 

But  with  chloi'inc  the  ease  ia  very  different.  This 
HUbstancG  exerts  a  powerful  absorbent  action  on  liglit : 
the  effect  takes  place  oa  the  most  refrangible  rays. 
When  mixed  wilh  hydrogen  and  set  in  the  light,  it 
iraitcB  with  a  violent  explosion. 

As  connected  with  tho  minute  changes  of  surface 
ivhitjh  are  elTected  when  the  different  radiant  principles 
fall  upon  bodies,  as  in  the  case  of  photography,  we  may 
allude  to  the  formation  of  spectral  impreasions,  which, 
though  invisible,  may  be  brought  out  by  proper  pro- 
cesses. Professor  Draper  described  the  following  in- 
stance many  years  ago  :  Take  n  piece  of  po-liehed  metal, 
glaps,  or  japanned  tin,  the  temperature  of  which  is  low, 

What  i9  meant  by  preliminury  absorption  ?  WJiiit  ctiJinBO  is  hn- 
prasaed  on  llia  rayf  Does  the  rny  uadorgo  abgorptioa?  Why  Aa 
not  oxjEon  anJ hydrogen  iinile  in  tiie  snnsliine?  Wliy  do  ehlorlno 
and  hydrogen  iinile?    Whnt  are  speetrni  iinpreBsion?? 
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d,  having  laid  upon  it  a  wafer,  coin,  or  any  other  sooti 
'ect,  breatlie  upon  th.e  surface  aud  allow  the  breath 
Stirely  to  diea-ppear;  then  toss  the  object  ofl'tlie  anr- 
facG  and  eKaroine  it  minutely.  No  trace  of  any  thing 
is  visible,  yet  a  spectral  impresaion  exists  oa  that  sur- 
face, which  may  be  evoked  by  breathing  upon  it.  A 
form  resembling  the  object  at  occe  appears ;  and  what 
is  very  remarkable,  it  may  be  called  fortli  many  timas 
in  succession,  and  even  at,  the  end  of  many  niaiitlia. 
Other  instaneea  of  the  kind  have  Eubsequontly  been  de- 
Bcribed  by  51-  Mosqr. 

Light  Bxeits  no  ordinary  control  over  the  phenomena 
of  the  natnral  world.  Thus  it  is  to  its  influence  that  th6 
vegetable  world  owes  its  tsistencc;  for  plaota  can  only 
obtain  carbon  from  the  air  wliilii  the  sun  is  shining  on 
them,  and  it  is  of  that  (inrbon  that  their  solid  sti-uctures 
are  chiefly  formed.  It  has  been  a  qneslioii  to  which  ray 
this  effect  is  dne,  but  in  1843  Professor  Draper  proved 
that  it  ia  tho  yellow  light  ivhich  is  involved.  Dr.  Priest- 
Icy  diacovcred  lliat  tho  leaves  of  plants  will  effect  the 
decomposition  of  carbonic  acid  gaa  under  water;  and, 
on  immersing  tubes  filled  with  watcF  holding  tliis  gaa 
in  solution,  and  containing  a  few  green  leavea,  Professor 
Draper  found  that  at  the  b!no  extremity  of  the  spectrum 
no  effect  whatever  took  place,  while  decomposition  went 
on  rapidly  in  the  yellow  ray.  Dr.  Gardner  showed,  how- 
ever, that  tlie  more  refraugiblc  rays  have  the  power  of 
influencing  the  direction  of  growth  of  plants;  turnip- 
seeds  -which  had  germinated  in  the  dark,  when  placed 
ia  the  eolar  spectrum,  leaning  toward  the  indigo  region. 

On  tue  CuEaiicAL  Action  op  Light. 
In  considering  the  action  of  a,  ray  of  light  upon  n  de- 
composablc  body,  there  are  three  different  points  to  be 
discussed,  so  far  aa  tlie  ray  itself  ia  concerned :  Ist.  To 
what  extent  and  in  what  manner  ia  the  result  affected 
by  the  iiitcnsUij  of  the  ray — that  is,  by  the  amplitude 
of  the  vibrating  eseursionB;  2d,  How  is  it  affected  by 
tlio  freitienc'y  of  the  pulsatory  impressions?    3J.  How 

■WhBl  effert  has  lipht  in  llic  nBUiral  wpHJ?  IW  dl.l  Pnifefior 
Draper  show  (lie  funclion  of  the  yelID^r  rar?  Whnt  mfliicnce  hris 
tlic  indigo  rny  on  plnnwr  Wlint  points  linvo  to  Ua  conpiJercil  in 
exntniriin)!  tlie  nction  of  a  myf  . 
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by  llie  clircctioii  in  whidi  tlie  vibrations  ave  madQ,  as  in- 
volved in  llie  idea  of'poIafiz:Hiou  ? 

1st,  By  means  of  buroini;  lenses  Professov  Drapoi- 
found  tLat  it  is  not  tbo  inleusity  of  .1  beam  wliicb  dc- 
terraioes  its  decouipositig  power^aud  thiit  we  can  not 
produce  greater  efleats  by  coiicentrated  light,  tliaii  wo 
can  by  the  application  of  the  Gimple  suobeam  conliuned 
for  an  equivalent  period  of  time.  JN'or  can  euch  optiunl 
contrivances  efl'act  the  deeomposiliou  of  substances  on 
which  a  feeble  beam  has  no  action. 

2d,  Itaya  of  tlie  highest  refrangibihty,  and  ihcreforo 
of  the  most  frequont  vibration,  commonly  havo  the 
greatest  activity.  On  the  unnibci'  of  impulaea  a  ray  can 
cotumunicate  in  a  given  period  of  time  depends  its  pow- 
er of  destroy  injT  the  constitution  of  any  group  of  Jitoms; 
and  tbc  plienoiueaa  of  interfereuce  arising  from  the  su- 
perposition of  wave  niotiona  occur  exactly  as  luigbt 
have  been  predicted. 

3d.  Tlio  direction  of  wave  motion,  as  involved  in  the 
idea  of  polarization,  whether  plane  or  circular,  Beema  to 
exert  no  effect. 


LECTURE  SXiy. 

PnoTOGBAPnT. —  Orif/iii  of. — TJafftierre  aud  Talbot. — 
The  Dagutn'eotijpe. — Prof.  J>rap€r  /irsl  taicea  PoT- 
tratta  from  Life.  —  77ie  C'ullodiun  Process.  —  Nega- 
tives ami  Positives. — 7'lte  Albumen  Paper  Procees. — ■ 
Toninff  and Perjnone}ii'>/.—T>n/  Colloflion  Pfocessca. 
— I^ormulas  for  Collodion,  the  Nitrate  Path^  De-oct- 
oping  Solution,  Fixing  Solution. 

PiiOTOGEAFUY,  literally,  writing  by  light,  ia  a  crea- 
tion of  the  present  centnry,  although  many  facte  that 
jTiigbt  have  led  to  its  CKllivation  were  known  in  tbo 
Middle  Agc&.  Tlic  first  germ  is  to  be  found  in  observ- 
ations on  the  darkening  of  the  chloride  of  silver  by  tho 
sunligbt;  and  the  Erst  photogi-aphs,  truly  speakitig, 

Whnt  effect  liH3  tte  irtenniiy  of  the  raj  7  WLich  rnys  have  the 
grtaltal  dcporapDSing  jioiver?  What  is  the  pfTect  of  jiolnriEotion  in 
Jfcnmpositionsf  What  i*  tlie  ireiining  of  the  tcnn  riio1oerfl|ilij'f 
■Whiit  nia  some  of  Ihc  carlj  fnels  in  phoIOKmrhy  ? 
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THE  DAGUEKBEOrYPE, 


were  tliose  made  by  Wetlgewood,  who  exposed  iGalher 
Eoaked  in  uitrato  oi  silver  to  the  aim  undor  vbe  Elide  of 
a  rangio  laulem.  In  1835  Prof,  Draper  used  bromide 
of  silver  and  other  eensitive  compounds  for  iuvestiga- 
ting  the  solar  Bpectmm. 

In  1839  Dagiierrfl  announced  the  discovery  of  a 
means  of  Hxing  the  images  of  the  camera  oLscui'.i,  and 
about  the  same  time  Talbot,  in  England,  did  the  same. 
The  jsroceea  of  the  former,  known  as  the  dnguerreotj'pe, 
involves  the  use  of  a  silver- plated  sheet  of  copper, 
which,  having  beeu  carefidly  cleaned  with  rotten-slona 
and  a  buft",  is  exposed  to  the  vapors  of  iodine.  It  bc- 
comea  tinged  yellow,  red,  blue,  gray,  depending'  on  tliQ 
time  of  the  exposuTO  to  the  vajior,  but  is  most  senHitiva 
when  yellow.  In  tfaat  condition  it  is  exposed  in  the 
ciiniera  ohscura  to  the  iniag'e  of  some  object,  being  care- 
fully preserved  from  cxtraoeona  light.  The  latent  im- 
age has  then  to  be  developed  by  the  tiid  of  vapoi'  of 
moi-cnry  rising  from  a  portion  of  that  metallieated  to 
170°,  In  about  four  minutes  the  image  is  fully  brought 
Out,  if  the  camera  expos.ure  has  been  sufficient,  nnd  it  is 
then  only  necessary  to  dissolve  away  the  reraainder  of 
the  film  of  iodide  of  silver  to  prevent  farther  change. 

The  process  of  Dagnerre  was  very  sluggish,  and  wag 
gODCi'ally  regarded  as  only  Buitable  to  the  reproduction 
of  Btill  objects;  but  soon  after  its  publication  Profl 
Draper  succeeded  in  taking  portraits  from  life,  and  ar- 
rived at  Bijch  a.  degree  of  excellence  nt  once  that  thoBo 
pictures  have  scarcely  been  sui'passed  since. 

The  great  euhseqiicnt  improvemcnta  oi  the  process 
wero  tbo  discovery  of  tlie  use  of  bromine  as  an  acceler- 
ating agent,  and  tliat  of  the  process  of  gilding,  for  fix- 
ing the  image  by  covering  it  with  an  estreuicly  thin 
film  of  gold,  deposited  from  a  solution  of  the  chloride 
of  gold  in  hyposulphite  of  eoda. 

Thodaguerreotypeimage  consists  in  the  whites-  of  an 
amalgam  of  silver,  and  in  the  dark  parts  of  the  un- 
changed silver.  Prof,  Draper  showed  that  this  amal- 
gana  presents  a  dotted  or  stippled  arrangement,  and 

DescriliQ  the  dHguorreolvjic  process.  Who  took  tUo  first  porlrnita 
from  lify?    Slnlc  fiomo  of  llie  subspquonC  illljtrovemenls  in  ihe  da. 

e«BrreotjT>fl  proccBB.  Wliai  is  the  nalnre  of  ilie  dsguerreoijpc 
Image  f 
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may  be  copied  by  isinglass,  and  tlie  original  in  tliia  way 
rGpi-oduced. 

Talbot's  process  has  never  come  into  general  nae,  ex- 
cept, for  enlarged  piclurca  on  paper,  being  entirely  su- 
perscdcd  by  tbe  Collodion  process.  This  pi"oeess,  in- 
vented by  ycott  Arclior,  depends  oti  the  fa.ct  that  t;uQ- 
cotton,  or  pyroxyiinci  ia  soluble  in  alcoliol  and  etber^ 
and  affoi'ds,  on  drying,  a  clear  and  tenacious  film.  Snch 
collodion,  containing  some  solnble  iodido  or  bromide, 
or  both,  is  poured  on  n  dean  glass  plate,  and,  when  eet, 
is  immersed  in  a  bath  of  nitrate  of  eilvcr,  which  changes 
the  ioiJide  and  bromide  into  iodide  and  bromide  of  sil- 
ver. In  this  state  it  is  exposed  to  light,  and,  after  a. 
siifficicut  lapse  of  lime,  the  invisible  image  is  developed 
by  ponring  over  the  plate  a  Boliition  of  pyrojjallic  acid, 
or  protoaulphatG  of  iron,  slightly  acidified.  This  causes 
a  rednction  of  metallic  silver  in  tbe  blaclc  slate  on  all 
those  parts  which  have  received  the  impression  of  light, 
the  amount  of  deposit  being  greater  as  tbe  light  -was 
greater. 

After  washing  ia  vater,  the  plate  is  soaked  in  liyi>o- 
sulphito  of  soda,  or  cyanide  of  potassium,  to  get  rid  of 
the  iodido  and  bromide  of  silver,  and  is  then  again 
■washed  and  dried.  On  being  varnished,  the  niga(iJ3S 
thus  produced  may  be  used  for  printing  on  paper. 

If  the  exposure  to  light  be  mado  shorter,  nnd  the  de- 
velopment not  pushed  bo  far,  on  placing  behind  the  re- 
sulting pieturo  31  blackened  surface,  ajjosjjlitfe  ia  seen, 
in  which  the  lights  and  atadea  are  not  reversed,  as  in 
tbe  neffatice.  Very  many  forma  of  these  pietiirea  aro 
produced,  and  many  names,  aa  ambrotype,  melainDtj'pe^ 
laave  been  introduced  to  distinguish  them. 

The  great  anperiority  of  the  collodion  process  results 
from  the  fact  that  negatives  can  be  used  to  multiply  in- 
Jeiinitely  copies  of  the  original.  The  albdmen  process 
on  papers  by  means  of  which  this  multiplication  ia  ef- 
fected, is  conducted  as  fnilowe. 

A  sheet  of  paper,  ivhlch  is  free  from  metallic  grama 
or  other  impurities,  is  floated  on  tha  surface  of  a  bath, 
consisting  of  albumen  that  has  been  thorougldy  beaten. 

Deserilw  ilie  collodion  process,  Whj  is  the  collodion  plate  soaked 
In  iiyposnlpliiw  of  ewla?   Wlint  is  tlia  ditRretiue  bedveeii  aponlim 

nnA  a  npjjalieef    D-eBcribo  tlio  nlbiimen  prote^s  on  pnper. 

F 
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Hp  aud  filtered,  contaiiilDg  clilorida  of  nmmoniain. 
After  the  paper  hits  dried,  it  is  floated  in  a  etroDg  boIu- 
lioii  of  nitrate  of  silvur,  which  cauaca  the  production  of 
chloride  of  eilver,  and  coagulates  the  albumen.  As 
Boon  as  dry,  the  paper  is  exposed  behind  n  iiegativG  to 
cither  Bunliglit  ordayJigbt.  The  operator  judges  of  the 
lime  required  by  the  tiarkneds  of  tint  assumed  by  the 
chloride.  The  paper  has  next  to  he  soaked  in  water, 
aud  then  /onetf.  « 

The  object  of  tbo  tonins*  operation  is  to  replace  the 
rediicQd  silver  by  gold,  and  thereby  change  the  reddisli 
coloi-  of  tho  print  to  a  shade  citber  of  purple,  browiit  or 
Wack.  The  tontng-bath  ra.ay  be  composed  of  many  va- 
rious substances;  o-ub  of  the  beat,  however,  ia  a  solu- 
tion of  chloride  of  [jold,  rendered  neulriilhy  cnrbonato 
of  lime,  and  (toiitaining  a  small  quantity  of  ehloi'ids  of 
Ijme.  This  rnpidfy  produces  a  beautiful  color,  and  ia 
tliG  one  used  hy  the  author  in  taking  his  photographs 
of  the  moon. 

The  next  step  ia  to  remove  the  snpei-fluoiis  chloride 
of  silver  by  the  aid  of  hyposulphite  of  soda,  and  after- 
ward to  submit  the  proof  to  a  current  of  water  to  cifect 
the  removal  of  the  hyposulphite,  which,  If  allowed  to  re- 
main, would  infallibly  cause  it  to  turn  ye!low  and  fado 
away. 

Tho  permanency  of  paper  ]iosilivcB  depends  on  the 
thoroughness  of  tbo  toning  operation,  the  gold  substi- 
tuted for  silver  not  being  liable  to  sulphuiization.  Tbo 
early  photograplia,  wliich  have,  in  the  last  ten  years,  so 
nearly  passed  away  altogetbcr,  were  toned  by  a  bath  of 
hyposulphite  of  soda  nnd  chloride  of  gold  j  and  although 
their  tints  were  very  beautiful  in  the  first  inBlauce,  yet, 
owing  to  the  sulphide  of  silver  that  entered  into  them, 
they  could  not  bo  permanent. 

The  collodion  and  paper  processes  hsvG  undergone  a 
great  number  of  modifications,  in  order  to  adapt  them 
to  special  purposes.  Dry  piste  photogi'aphy,  for  esain- 
pie,  iuvolves  a  method  of  retMniug  the  sensiliveneHs  of 
a  collodion  film,  though  tho  excess  of  niti-ato  of  sUver 
that  in  the  wet  process  ia  upon  the  plate  bo  washed  off 
The  deeired  result  ia  usually  accomplished  by  flowing 

What  is  toning  7  Wliat  intlti'Ciiccs  tlie  pcrm.tnence  of  paper  Jiic- 
lures?    Describe  the  proems  of  drj  plale  photogmphy. 
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npon  the  collodion  film,  after  il.  lias  hecn  taken  from  the 
nitrate  of  silver  balh  and  washed^  »  preservative  solu- 
tion of  tannin,  malt,  or  Bome  similar  subBta nee,  which 
permits  the  film  to  be  subsequeiitlj'  permeated  by  "wal-er 
during  ita  developmeot.  TheBc  drj  processes  are  of 
great  convenience  to  the  landscape  photogi-apher,  and 
liave  led  to  many  ingenious  forms  of  apparatus  for  car- 
rying the  plntea  and  introducing  them  iuto  the  camera 
obscuiTi. 

The  following  fonnulas  are  in  common  use ; 

Compoaitioli  of  Todized  Collodion, 

Ether.   i  ounces  (fluiil). 

Alcohol   i  ouncFS. 

Pyi'OSj'ine-.  30  lo  GO  grains. 

ludidd  of  Cadniiani  ■.50  gruina, 

Bromide  of  Ctidiaium  6  grnins. 

The  nitrate  of  silver  bntli  for  negfitives  is  merely  a  so- 
iutiou  in  water  of  40  grains  to  the  onijce. 

Developmg  Solution. 

Prolosnlphalo  of  Iron  3  ounces. 

Acelie  Acid,  No.  8   4  ounces.  . 

Alcohol   3  uiinces- 

Watcr  40  ounces. 

Or, 

Pyrognllie  Add  ^  grains. 

Alcohol  1  drachm. 

Acetic  Acid,  N*.  8  1  dmchm. 

Water  1  ounce. 

Fixing  Sohitioi). 

Cynnide  of  Potnasinm  X  drachm. 

Water.  4  ounces. 

Or, 

Hjposnlphilo  of  Sodo..  G  oanceis. 

Water  16  ouorea. 

Whnc  is  the  use  of  Ihe  tannin  or  mall  ?  WhB^  are  the  advantages 
of  ihis  procefs  1  Give  the  fommlns  for  iodized  collodion,  the  dijyel- 
«pine  soIatiOD,  iho  Ibfing  saliLtioD. 
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LECTURE  XXV. 

Electetcttt. — First  Discoveries  in  Electridty. — Lead- 
ing Plteiiomena. —  Conduotor-s,  jVo/j-  Conductors^  and 
Insulators. — Two  Kinds  of  Electricityy  Vilreous  and 
Resinous,  or  I'ositim  ana  Megative. — Lain  of  Elec- 
trical Attraction  and  Repulsion. — Plate  Machine. — 
Cylinder  Machine. — Method  of  Using. — MisceUa- 
nmua  ExperimerUs. 

More  than  2000  years  ago  it  was  discovered  that 
wben  amber  is  rubbed  it  acquires  tliG  property  of  at- 
tracting light  bodies.  Tliis  incident  bas  served  to  give 
ft  name  to  tiie  agent  wliose  operationa  wc  have  now  to 
explain,  wliich  has  been  called  electricity,  from  riKacrpoi; 
amber. 

Tlia  catalogue  of  eubstances  io  ■which  electrical  de- 
velopment can  be  protJaced  was  greatly  increased  by 
Gilbert,  who  showed  that  glass,  reain,  wax,  and  many 
other  bodies  are  e^jnally  effective  as  amber.  They,  too, 
wben  rubbed,  caa  attract  light  Gubstances,  and,  when 
the  excitement  is  vigorous,  emit  spai'ks  lilte  those  whicli 
are  seen  when  the  back  of  a  cat  is  rubbed  on  a  frosty 
□i£;ht. 

If  a  piacB  of  brown  paper  bo  thoroughly  dried  at  the 
fire  until  it  begins  to  smoie,  and  then  rubbed  between 
woolen  HurfaceB,  it  will  emit  eparks  on  the  approach  of 
the  finger,  attract  pieces  of  paper  and  then  repel  them. 
This  latter  phenomenon  ia  not,  however,  peculiar  to  It, 
but  ia.  noticed  in  the  case  of  all  liighly-excited  bodies. 
Eieelrified  bodies  therefore  exhibit  repulsions  as  wetlas 
attractions. 

Let  tlierc  be  taken  a  glass  tube,  a  6,  Eiff.  85,  an  iuch 
/^i(.s5.  in  diameter  and  a  foot  or 

b  more  long,  closed  at  tlio 

 ©"  end  b  by  means  of  a  cork, 

into  which  there  is  inserted  a  wire  with  a  round  ball,  c. 
If  the  tube  be  excited  by  rnbbiug  with  a  piece  of  dry 

From  ivhBt  fact  does  tbo  term  electricity  originfllcf  Wliai  gccurs 
wlicn  class,  resin,  etc.,  arc  rubbed?  What  plicnomenft  may  be  ex- 
liibited  by  brown  paperp   Describe  Fig.  85. 
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Sill:,  it  ruay  be  Blown  tliat  not  only  docs  t!ie  epace  rub- 
bed possess  the  powers  of  attTactiau  and  repulsion,  liHt 
filso  the  cork  and  the  ball.  Kor  does  it  mattei'  how 
long  the  wii'e  may  be;  tlie  electric  power  ia  traneniSt- 
ted  througb  the  whole  of  the  metal.  A  metal,  there- 
fore, can  eocdnct  olectrieity. 

But  if,  instead  of  a  pleee  of  metal,  wo  terminate  the 
glass  tube  with  a  rod  of  glass  or  sealing-wax,  or  hang 
a  bail  to  it  by  a  thread  of  silk,  in  all  these  cases  the 
electric  power  can  not  pass.  Such  Bubstacces  are  there- 
fore non-con ductora  of  electricity.  Tbo  important  fact, 
that  all  substances  may  be  divided  into  two  classes,  con- 
cluotors  and  non-conductors,  was  first  accidentally  dis- 
covered by  Mr.  Grey,  who  found  that  all  metals  aud 
moist  bodies  are  conductors,  and  that  glass,  resinfi,  wax, 
sulphur,  ntEUOsphcric  air,  arc  uoa-conductorB.  The  fol- 
lowing table  exhibits  the  relation  of  bodies  ia  this  re- 
spect. The  nearer  the  siihataDce  is  to  the  bottom  of  the 
table,  tho  better  is  its  conducting  power. 

Nb-il  ■  Conductors.  Ppermnccti. 

Dry  Gflses  Bnd  Dry  Steam.  Tun.entiiie  Bud  VoklUe  Oirs. 

Shdiflc  iMxedOiIs, 

Sulrtur  Suing  nnJ  VcgctaWo  Fibres. 

Amber  Moist  Animal  Babaunccs- 

Gutta  Perclja  and  Caontcloiic.  Solutions. 

DiBmonil.  f '"""^v  ^  , 

gjjjj  Melted  Salts. 

Dry' Fur.  riumb.iRO, 

All  the  Mclflls. 

Conductoya. 

When  electricity  is  communicated  to  a  body  which 
ia  snppoTted  on  any  of  these  non-conducting  substaocea, 
its  escape  is  cut  ofE^  wid  the  body  is  eaid  to  be  Uiau- 
laled. 

To  Otto  Guericlce,  who  was  also  the  inventor  of  the 
air-pump,  WB  owo  another  of  the  most  important  dis- 
covorica  in  electricity,  that  bodies  which  have  touched 
an  excited  substance  are  BiibscQuently  repelled  by  it. 
Tims,  if  we  rub  a  glass  tnbe,  a,  JFiff.  S6,  TUJlil  it  becomes 
electrified,  and  then  present  to  it  a  feather,  6,  Buspended 

WhiLt  ts  A  non-eonduetor  of  electricity?  Wlint  ia  ft  nonduciot? 
Give  examples  of  eacli.  When  ia  a  botly  said  to  bo  insu-Utoi'l 
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by  a  Bilk  thread  to  a  stnndt  c,  the  feather  is 
at  fii'st  attracted,  and  then  immediately  re- 
pelled. 

A  very  celebrated  French  electrician,  Du- 
fay,  having  caused  a  light,  downy  feather  to 
be  repelled Tjy  an  excited  glaaa  tube,  intend- 
ed to  iiniiisc  himself  by  chasing  it  round  the 
room  with  it  pieCo  of  excited  sealing-wax. 
To  bis  surprise,  iastcaiS  of  being  repelled,  the  feather 
was  at  once  attracted.  On  exnmining  the  cause  of  this 
more  minutely,  he  arrived  at  the  conclusion  that  there 
are  t"wo  species  of  electricity,  the  one  oiiginating  when 
glass  is  excited,  and  the  other  from  resin  or  wax.  To 
these  be  gave  the  naiuea  of  Yitreous  and  resinous  elee- 
tri city,  thus  pointing  out  their  origin.  They  are  also 
called  positive  and  negative  electricities. 

Ho  ibund  that  these  different  electricities  possess  tho 
same  general  pliysical  q^ualilies;  they  are  self-repulsive, 
but  the  one  is  attractive  of  the  other.  This  is  readily 
proved  by  banging  a  feather  "by  a  linen  thread  to  the 
prime  conductor  of  the  electrical  machine,  and,  when  it 
is  excited,  'bringing  near  to  it  an  excited  glasa  tube. 
The  feather  ia  already  vitreously  electrified,  and  the 
tube,  being  in  the  same  condition,  at  oiico  repels  it. 
But  a  stick  of  excited  sealing-wax,  being  resinously 
clectriSed,  thai  is  to  eay,  In  the  opposite  condition  to 
the  feather,  at  once  a,ttracts  it. 

These  various  results  may  all  bo  grouped  under  the 
followiug  general  law,  which  inclodeH  the  explanation 
of  a  great  many  eleolric'al  phenomena.  Bodies  electri- 
iied  dissimilarly  attract,  and  bodies  electrified  similar- 
ly repel,    ^ike  electricities  repel,  wiUkc  ones  attract. 

For  the  sake  of  observing  electrical  phenomena  more 
readily,  instruments  have  been  invented  called  electi-ical 
machines,  Tliey  are  of  two  kinds,  the  plate  machine 
and  the  cylinder.  They  derive  their  names  from  the 
shape  of  the  glass  employed  to  yield  the  electricity. 
The  plate  machine,  M(/.  8J,  consists  of  a  circular  plate 
of  glass,  a  a,  which  can  be  turned  upon  mi  axis,  b,  by 

DBBCriho  /'Vg.  8(J.  Descrilie  Dnfaj's  (liscoTerj-.  Wlmt  concln- 
sifiii  did  Dufay  arrive  nt  ?  Wlini  \s  iho  difference  ttctwcen  Titraona 
ninl  rpsinQua  elecLricily?  What  is  the  general  Ittw  of  ntlracl ion  and 
rejialsion?    Describe  the  plate  machine. 
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iiieana  of  a  wineh,  c  at  (?  ia  a  P'^- 
pair  of  rubbers,  which  com- 
press the  glaKs  between  th&m, 
and  a  piece  of  oiled  silk  ex- 
tends over  the  glass  plate,  as 
shown  at  e.  In  the  BainG  man- 
lier, on  tho  opposite  side  of  the 
plate,  there  is  another  pair  of 
rubbers,  ci,  and  an  oiled  silk,  c/ 
yia  the  prime  eondiictor,  which 
gathers  the  electricity  as  tho 
plate  revolves.  It  must  be  sup- 
ported Oil  an  insulated  etem. 

Tho  cylinder  machine  is  repreaentcd  in  M17.SB. 
consists  of  a  glass  cylin- 
der, a  a,  80  arranged  that; 
it  can  be  turned  on  its 
asis  by  tho  multiplying 
wheel  /f  b.  The  rubber 
bears  against  the  glnss 
on  the  opposite  side  to 
that  seen  in  the  figure, 
liiid  the  oiled  silk  is  shown 
at  c  /  d  is  the  prime  con- 
ductor, usually  a  cylinder 
with  rounded  ends,  made 
lilting  support. 

Of  these  macliinea  the  plate  is  commonly  tho  most 
powerful.  It  is  more  liable  to  be  broken  than  the  cyl- 
inder, from  the  disiid\^tageoy3  way  in  which  the  poiv- 
er  to  turn  it  rornid  is  "plied. 

To  bring  an  electrical  machine  into  activity,  it  must 
be  thoroughly  dried,  but  a  plate  maciiioe  should  never 
be  set  before  the  fire  to  wnrni,  or  it  will  almost  certain- 
ly  crack,  Tho  rubbers  Jire  to  he  spread  over  wilh  a 
little  Mosaic  gold  or  amalgam  of  zinc,  and  tho  etem  of 
the  confluctor  made  dry.  If  the  rubbers  of  the  machine 
are  not  in  conncotion  with  tlie  ground,  there  must  be  a 
chain  Imng  from  tiiera  to  reach  tlio  tabic.  Tlitn,  w3icu 
the  instrument  ia  in  activity,  on  presenting  the  finpor 

Describu  (he  cylinder  machine.  "Which  is  tha  hesi?  How  is  an 
electvicnl  irni^liina  iirepared  for  nclbn?  Wlint  occurs  on  presenting 
tlio  fingpr  to  tlio  prime  conductor? 


of  thin  brasfi,  and  e  its  insti- 
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to  the  priniD  conductor,  a  enccGSBioii  of  Bparka  ia  emit- 
ted, .itLcniled  liy  n  ci-acUling  sotind. 

A  great  many  beaiitiiul  experiments  iimy  be  made  "by 
tlio  aid  of  tSiie  machine,  Tliey  avCy  for  tli-o  raoat  part;, 
illustratiouB  of  the  himinous  eifcct  of  tho  spark,  attrac- 
tions aud  repulsions,  and  certain  physiological  results, 
aa  the  electrical  slioek. 

If  small  pieces  of  tin-foil  be  pasted  round  a.  glass  Inlie 
p:-!.%x  in  a  spiral  form,  aa  shown  hi 

^^AAj^.A^^;y^,'a^  Fiff.  80,  a  b  c,  tii-staftcea  of  the 
o  *  t    twentieth  of  an  inch  interven- 

ing betweea,  and  t!ie  ends  of  the  tube  terminatad  by 
balls,  on  presenting  one  of  these  balls  to  the  prime  con- 
ductor, and  holding  the  other  in  the  hand,  as  the  epark 
pnsse-a  it  has  to  leap  over  each  interstice  between  the 
spanales  of  tin-foil,  aud  exhibits  a  beautiful  spiral  line 
ofligbt. 

Ey  pfisting  the  tin-foil  on  n 
pane  of  glass  in  auoh  a  way 
aa  to  diret'l  the  epark  prop- 
erly, words  may  be  written 
in  electric  light,  as  shown  in 
Fig.  SO. 

Aa  the  electric  epark  eau  not  be  confonnded  with 
any  other  physical  phenomenon  whatever,  its  presence 
is  alwaja  indnbitable  evideuce  of 
electric  Cxciteraeut.  Thus  we  can 
prove  that  elcctiicity  may  be  traus- 
ftiTod  to  the  [mman  body  from  tho 
machine  by  placing  a  man  on  a  stool 
supported  b^l^lass  pillars,  fig-  91- 
If  ho  touches  the  prime  conductor  with  one  baud,  sparks 
may  be  drawn  from  any  part  of  his  clothing  or  body. 

Deacribe  Fiys.  89  ani!  30.  Wliiit  does  the  dcElricnl  Btool,  Fiif. 
91,  demun  strata  ? 
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LECTURE  XXVI. 

Thkoet  of  Electeicai.  Induction-  —  Phenomena  of 
Induction.— Independent  of  Shape. — Permanent  Ex- 
cit&ment  by  Induction. — Takes  place  tfirotigh  Glass. 
— Meperiments  illustrative  of  AttracCioik  and  Mepid- 
sioti,  and  Iiiductim, — Medicated  Tubes. 

TriERE  are  many  ways  in  which  electrical  excitement 
can  be  developed.  lo  tho  common  machine  it  is  by 
friction  ;  in  the  tonrmaline,  a  crystallized  gem,  bj  heat ; 
and  in  other  casca  by  chemical  action,  and  by  conduc 
tioD.  ElGctrical  distiivbancG  also  very  often  arifics  from 
induction. 

By  tbff  term  electrical  iiiditction,  we  mean  that  a  body 
which  is  already  excited  tends  to  disturb  the  condition 
of  olbers  ill  its  neighboihoodj  inducing  in  them  na  elec- 
trical condition. 

Thus,  let  a.  Fig.  92,  be  the  terminal  ball  of  the  prime 
conductor,  and  a  few  inches 
off  let  tbere  be  placed  a  eec- 
ondary  conductor,  h  c,  ol' 
braee,  supported  on  a  glass 
stand,  and  at  each  extremity, 
h  and  c,  of  the  conductor,  let 
there  be  arranged  n  paii-  of 
cork  balls,  Buspcnded  by  linen 
threads,  as  shown  iti  tlie  figure.  -As  soon  as  the  ball  a 
ia  electrified  by  turning  the  machine,  and  without  any 
spark  passing  fi-ora  it  to  the  SGCondary  conductor,  ths 
balls  will  begin  to  divergSj  showing  that  the  condition 
of  that  conductor  is  disturbed  by  the  neighborhood  of 
the  excited  hall,  a. 

It  will  favtliep  be  found,  on  preseiltiug  Bu  excited  piece 
of  sealing-wax  to  the  pairs  of  cork  balls,  that  tine  set  is 
attracted  and  the  other  repelled.  They  are  therefore  in 
opposite  electrical  states.  The  disturbing  ball  la  vitro- 
ously  electrified,  and  that  end  of  the  secondary  conduct- 
or nearest  it  is  resiiioua,  the  failhev  end  beinj?  vitreous. 

Hoiv  moy  electricn!  cscitetnent  be  produced?  What  ia  meatit  Iiy 
clecti-ical  inilnctioa?  Describe  Pig.  9S.  Wbat  occurs  to  the  bidU 
on  the  eccondniy  conductor? 

Fa 


4  k 
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If  tliQ  disturbing  ball  a  be  now  removed,  tJie  clectria 
disUivbancfi  ceases  anil  llie  corks  no  longer  diverge. 

Tho  pheiiomeiia  ol' electrical  induction  are  not  (3cj)eud- 
ent  on  ihe  sliape  of  bodies.  Let  there  be  two  flat  cir- 
Fig  03.  ciilar  plates,  a  S,  J^iff.  93,  supported  on 
Si  I*  g'*s3  fltands,  cttd  set  a  few  inciiea  apait, 
■t-L  looking  fiice  to  face.  Lei  one  of  tlieia,  a„ 
Vjo  eleutritied  positively  by  contact  with 
the  prime  conductor,  a3  indicated  by  tha 
sign  +.  It  iramediateiy  indnces  a  changQ 
in  tbe  opposite  plate,  the  nearest  face  of 
nEffia  mOa  which  becomes  negative,  and  the  more 
distant  positive.  It  is  evideot  that  this  disturbance  is 
a  conaequelice  of  the  law  that  "like  electricities  repclj 
and  unlike  ones  attract."  In  the  plato  d  both  ^peeiea 
of  Gluctricity  exist ;  and  a,  being  made  positive,  even 
though  at  a  distaiicgj  oxerta  its  attractive  and  I'epulaive 
agencies  on  the  clectiic  fluid  of  b,  the  negative  electrici- 
ty of  which  it  attraota  and  draws  near  to  it,  the  positiva 
it  repels  and  drives  to  the  farthest  side;  so  that  the  dis- 
turbed condition  of  tho  body  6  is  a  result  of  tlio  fact 
that  a,  beiug  electrified  positively,  will  repel  positiva 
electricity  and  attract  negative. 

Now  let  the  plate  It  be  touched  by  the  finger,  or  a 
channel  of  commuaioatiou  opened  with  tlie  eaith ;  tiio 
positive  electricity  o(  «,  still  exerting  ita  repulsive  agen- 
cy on  that  of  i,  will  drive  it  into  the  grouad,  and  A  will 
now  become  negative  all  over. 

Let  i  be  once  more  insulated  by  breaking  its  comniu- 
Eication  with  the  ground,  and  let  a  bo  removed ;  it  will 
now  he  found  that  fi  is  permanently  electrified,  and  in 
the  opposite  condition  to  a. 

Fi!).  91.  By  manipulating  in  this  manner,  wo  can 
therefore  eft'ect  a  permanent  distm-banee  in 
the  condition  of  an  insulated  body  by  bring- 
ing an  excited  one  in  its  neighborhood. 

In  these  changes,  the  intervention  of  a  piece 
of  glnsa  makes  no  difference.  Let  a  circular 
plate  of  glass,  «,  Fig.  94,  he  set  so  as  to  in- 
tervene between  the  metallic  plates  a  and  h, 

Wlmt  is  ihuir  plccCricQ]  stBlo  rcBpccliTel)'  ?  Dots  Iha  shape  of  « 
Imdy  influence  indiictiun?  nescribc  ^'fp.  03,  nndila  metbod  of  uc- 
lion.    Jlow  nmy  tlio         h  he  permanently  clcclrificii  f 
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nnd  still  all  the  phenomena  occur  ns  before.  Electrical 
induetion,  theret'ovG,  can  take  ])!acje  tliroiigh  glass. 

0(1  the  principles  of  induclioii,  and  of  dt;clrkal  at- 
traction and  repulsion,  niiiny  interesting  4!spen!iietit8 
may  be  explained.  The  following  may  serve  as  exam- 
ples;  To  the  hall  of  the  prime  conductor  let  there  he 
suspended  a  cii'ciilar  pinto  of  brass,  h,  Ftg~  &5,  eix  inches 
in  diameter;  horizontally  and  beneath  it  Itt  bb^ 
there  bo  another  plate,  eupported  on  a  con- 
ducting foot  parallel  and  at  a  distance  of  three 
or  four  inches.  On  the  lower  plate  b  place 
slips  of  paper  or  other  light  enbstance,  cut  into  ^ 
the  figure  of  men  or  animals.  On  setting  the 
machine  in  motion  ao  as  to  electrily  the  upper 
l»late,  the  objects  move  up  and  down  ivith  a 
dancing  motion.  Tho  cause  13  obvious:  the 
plate  o,  being  positivo,  repels  by  induction  the  positive 
electricity  of  the  figures  through  the  conducling  stand 
into  the  earth,  and  they  thua,  being  rendered  negative, 
arc  attracted  by  tho  njipcr  plalo.  On  touching  it  they 
become  electrified  posrtively  like  it,  and  then  are  leiiel- 
led,  and  fall  down  to  discharge  their  electricity  iuto  the 
gronndj  and  this  motion  is  continually  repealed. 

Upon  n  horizontal  brass  bar,  a  b,  JPig.  GO,  three  hells 
are  suspended,  the  outer  ones  at  a 
and  b  by  chains,  the  middle  one  at  c 
by  a  silk  thread.    Eetivcen  tho  Iiells 
the  metalUc  dappers  d  and  e  ore  sus- 
pended by  silk,  and  from  the  ccntri; 
bell  the  chain  /"extends  to  the  table. 
On  hanging  the  arrangement,  by  tho 
hook  at  g,  to  the  excited  prime  conductor,  the  hells  ring, 
the  clappers  moving  from  the  out- 
er to  tho  teutral  bell  and  baelt, 
alternately  striking  them. 

On  a  pivot,  a,  Fig.  97,  suspend 
a  bell  jar  having  four  pieces  of 
tin-foil  pasted  on  its  sides  b  c  d. 
Connect  the  jar,  by  means  of  tho 
insulated  ^s-h*o*y,  with  the  prime 

What  effect  1ms  ihe  iniervemioii  of  i^lass?    DeEcnbo  llie  Jancing 
li^nroH  experiment.    Whol  is  tho  cEaac  of  iljo  molion  ?  Uesctilvp. 
96.    Describe  the  rotating  jar,  /■'jrj.  37 
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coDdactor,  eo  that  tlie  pieces  of  tin-foil  may  receive 
sparks.  On  tte  opposite  side  arrange  a  conductor,  sc, 
in  connection  witli  tlie  ground  by  r  chain.  On  putting 
tbe  inacbiiie  into  activity,  tliejar  will  yoiuuienuu  rotating 
on  its  pivot. 

Take  a  cate  of  Bea!ing-wax  or  sliellac  ciglit  or  ten 
iiichea  in  diameter,  electrify  it  by  frjctioti  willi  a  piece 
of  tlannf!,  and  receive  on  its  surface  a  feiv  spaikg  from 
llie  prime  conductor  by  bringing  it  near  tlie  ball.  TLie]j 
blow  iipon  its  surface,  fiom  a  small  pair  of  bellows,  a 
mixture  of  fl&wers  of  eulpliui  and  red  lead  whicli  have 
been  intimately  ground  together  in  a  mortar.  Tliia 
mixture  ia  of  an  orauge  color ;  but,  the  momeat  it  ira- 
piiigea  on  tho  cake,  it  is,  as  it  were,  decomposed,  tlie 
yellow  sulphur  settling  ou  one  portion  and  the  red  lead 
on  another,  giving  rise  to  yery  curious  and  fautasticnl 
figures,  called  Liehtenberg's  figures. 

Soon,  after  electricity  became  a  Buhject  of  ])opiilar  at- 
tention, it  waa  curreritly  believed  that  if  medicines  of 
Tsrioiis  hinda  were  sealed  up  in  glass  tuh-ea  and  the 
tubes  electrically  excited,  their  peculiar  virtues  would 
be  cihaled  in  snch  a  manner  as  to  impress  the  patient 
■with  their  speciSc  purgative,  emetic,  or  other  powers. 
Like  many  of  the  popular  dchisiouB  of  our  times,  this 
imposture  was  supported  by  the  most  cotrent  evidence, 
and  maladies  cured  publiely  all  over  Europe,  Like 
them,  tbese  "medicutEid  tubes"  have  Berved  to  prove 
the  worthloaanesa  of  human  testimony  ivhen  derived 
irom  the  prejudiced  and  ignorant. 

It  ahoiild  be  remarked  that,  in  tlicir  action  npon  ma- 
terial bodies,  electrieity  and  heat  differ  greatly.  The 
former  has  no  kind  of  influence  in  deterniitiing  magni- 
tude, whereas  the  size  of  any  object  depends  on  its 
temperature. 

llo™  are  Lichtenberc's  figiirea  proilnced?  Whet  nre  medicated 
tubes  ?  Wlint  is  tlic  diflerenoe  between  Lent  and  elccHicify  in  tlicir 
action  on  bodies  ? 
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LECTURE  XSVn. 

Liws  OP  THE  DiaxKiBunoN  OF  Electeicitt,  and  The- 
ories OP  Electricitt. — JHstributioji  of  Elfiftrieity. 
—  On  n  /iphere  and  Ellipsoid. — Actioji  of^  Points. — 
JFranklin'e  Jfiscovcnj  of  Che  Mmtitij  of  Ekctriciiy 
and  Xiff/Unhiff. — Zi///ir.ninff  Roda. — The  Ttco  Elec- 
trical  Theories,  Franklin'a  and  Dufay's. — Electrici- 
ty is  a  Compound  Eorce.—T/ie  Eeyden  Jar. — Bis- 
eUarginij  Hod. — Electnc  Batten/. 

When  electricity  ia  coram iinicatetl  to  a  coiidiicting 
body,  it  does  not  distnbute  itself  uniibrralj'  through  the 
whole  iiiasa,  but  exclusively  npoa  J^.  93. 

the  6iirft<:c.  Thus,  11'  to  tho  spher- 
ical hall  a,  Ei^.  OS,  supported  ou  an 
insulating  foot,  6,  there  be  adjusted 
two  hemispherical  caps,  also  on 
insulating  handlos,it  may  be  proved 
that  any  electricity  comniUTiLcated 
to  ft  diatributes  itself  entirely  «pOn  the  surface;  fof  if 
we  place  upon  a  the  caps  c  <;,  and  then  remove  them,  it; 
will  be  found  that  every  trace  of  electricity  has  disap- 
peared iVoni  «,  and  has  accumulated  upon  the  caps, 
which,  while  they  wora  upon  the  ball,  formed  its  au- 
Ijerfieies. 

Again,  if  \vc  tiikc  a  lai'go  brass  hall,  a,  Eig.  99,  enp- 
ported  ou  an  iusuLating  stand,  and  having  ou  Fi^,'^, 
its  upper  portion  an  aperture,  fl,  through  which 
WB  may  have  access  to  the  tuterior,  it  will  be 
found,  oo  examinatioQ,  that  the  most  delicate 
dcctroinetei-a  can  discover  no  electricity  with- 
in the  ball,  the  whole  of  it  being  on  the  exter- 
nal aiiperficies. 

Ill  the  case  of  a  spherical  body,  not  only  ia 
the  distribution  entirely  superficial,  but  it  is 
also  uniform.    Each  portion  of  the  sphere  ia  cieclrified 
alike.    But  where,  instead  of  a  spherical,  we  have  au 

Upon  wliat  part  of  a  body  does  clectriciij  dietiibiito  ilself?  ilow 
mfiy  ifiia  be  prorcil?  What  does  Fi(f.  BD  prove?  Wliiit  is  the  dia- 
tribution  on  a  spbcre? 
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if  we  oxaraiDG  the  coiiiiitEon  of  sucli 
J,  a  conductor,  J^i^.  100,  tlie  qiiantily 
of  clectndty  in  its  niiddlo  portion, 
as  at  a  <l,  will  fee  the  sninllest,  and 
it  will  incruase  aa  we  ndvance  to- 
ward the  endB,  fi  c.  In  different 
ellipsoids,  aa  the  length  hecomea 
greater,  so  the  amount  of  eleclricily 
fonnd  on  the  cxtreiuities  ia  gfcatei".  When,  tlierelbrej 
n  conductor  of  an  oblong  spheroidal  aliape  is  used,  the 
intensity  of  tlio  electricity  at  the  extremity  of  the  two 
axes,  a  d  and  b  c,  Piff.  100,  ia  exactly  in  the  proportion 
of  thn  length  of  those  axes  themaelvcs ;  and  should  the 
dispi'oponion  in  the  length  and  breadth  of  ihe  conduet- 
iog  body  be  very  great,  as  in  the  case  of  a  long  ivire 
or  other  pointed  body,  a  very  gfeat  concentration  ivill 
take  place  upon  the  points.  On  this  principle  we  ex- 
plain the  effect  of  pointed  bodies  on  conductors.  If  the 
prime  conductor  of  the  machine  have  a  needle  or  pin 
fised  itpon  it,  the  electricity  escapes  away  into  the  air 
visibly  in  a  dark  room ;  and  in  the  same  way,  if  pointed 
bodies  Eurround  the  eleotrical  machine,  it  can  not  be 
highly  excited,  ag  they  rapidly  take  the  charge  froto  ita 
conductor. 

These  principles  may  lie  very  ^vcll  illustrated  hy  tak- 
ing a  long  strip  of  tin-foil,  so  arranged  as  to  bo  rolled 
nnd  unrolled  upon  a  glass  asis,  and  connected  with  ji 
pair  of  eork  balls,  tbe  divergence  of  which  shows  its 
olectrical  condition.  If  now  lo  this,  when  coiled  up,  a 
euflidtnt  amount  of  electricity  ia  communicated  to  make 
the  balls  diverge,  on  pnlling  out  the  tin-foil  so  as  to 
have  a  larger  surface  they  will  collapse,  but  on  winding 
tho  foil  up  apain  they  will  again  diverge,  showing  thai 
the  distribution  of  eleelricity  is  wholly  superfichal,  ood 
that  when  a  given  quantity  is  spread  over  a  large  Bur- 
facc,  it  necessarily  becnmea  weaker  in  effect. 

At  a  very  early  period  eleclrieianB  lad  observed  the 
close  similarity  between  the  phenomena  of  the  electrio 

AVhal  i»  llio  itistriliiition  on  nn  ellijjstiiil  f  NVTinl  k  ihe  diWnbn- 
1ioii  on  Q  wire?  Wlint  ia  tIjQ  oflect  of  ^loinlcJ  hnJies  nii  <-oniiiiL't- 
cira?  llow  moylhc  dbtribalion  of  ciectricitj  be  shown  bj  ii  cuil  of 
Un-foil  F 
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Bpark  and  tlioso  of  lightning,  but  in  the  year  1732  Dr. 
ITranliliii  proved  that  tliey  were  ideDtical.  He  was 
wtiiting  for  the  erection  vf  the  spire  of  a  church  iu  Pbil- 
acleljihia,  on  the  extremity  of  which  Iio  inleiidGd  to  raise 
a  pointed  metal  rod,  with  a  view  of  witljdrawing  the 
electricity  from  tJic  doada,  when  the  accidental  sight  of 
li  boy's  kite  snggcsted  to  him  that  ready  means  of  ob- 
taining access  to  the  more  elevated  regions  of  the  air. 
Accordingly,  having  stretched  a  silk  handlierchief  over 
a  light  wooden  cross,  and  arranged  it  as  fi  kite,  he  at- 
tached to  it  a  hempen  etring,  term  in  all  tig  in  a  silk  cord, 
and,  taking  advantage  of  a  thunder-storm,  raised  it  in 
the  ail".  ¥or  a  tima  no  result  was  obtained;  but  iho 
Btring  bocomiog  wet  with  the  ratn,  andlheroby  rendered 
a  better  conductor,  lie  perceived  that  the  filamenta 
which  hung  upon  it  repelled  one  another,  and  on  pro- 
Eenting  iiia  knuclde  to  n  key  which  had  been  tied  to  the 
end  of  the  hempen  string,  received  an  electric  spark. 
The  identity  of  electricity  and  lightning  was  proved. 

Franklin  soon  made  a  uscfid  npplieatioH  of  his  discov- 
eiy.  He  proposed  to  protect  bnildings  from  the  efleeta 
of  lightning  by  furnishing  thoni  with  a  metahic  rod, 
pointed  at  its  upper  extremity  and  projecting  some  feet 
above  the  highest  part  of  the  building,  and  continuously 
extending  downward  nntil  it  was  deeply  bnried  in  tho 
ground.  This  contrivance,  the  ligbtnicg-rod,  ia  now,  as 
is  well  known,  extensively  applied. 

There  are  two  theories  respecting  the  nature  of  elec- 
tricity ;  let.  Franklin's  theory,  which  assnmea  that  there 
is  but  one  fluid ;  and,  2d.  Dufay's  theory,  which  assumes 
thivt  there  are  two  fluids. 

Franklin's  theory  is  that  there  exists  throtighont  all 
space  a  subtle  and  evceedingly  elastic  fluid,  called  tho 
electric  fluid,  the  peculiarity  of  which  is  that  it  is  repul- 
sive of  ita  own  particles,  bnt  attractive  of  the  particles 
of  other  matter;  that  there  is  a  specific  quantity  of  this 
fluid,  which  bodies  are  disposed  to  assume  when  in  a 
natural  condition  or  state  of  equilibrium,  and  that  if  we 
eorntnunicate  to  them  more  than  their  natural  quantity 

DeFcribe  FTmiklin'a  tliscovi^rj-  of  tlie  idpnlily  of  lijililninB  nnd 
elecfridty.  Whnt  useilid  he  tniiko  of  llic  ill«c«i-erj?  Whiil  ihtu- 
riea  nre  itere  of  ito  nutnre  of  clpciricity  ?  Wliui  in  Finnkliu'fl  lUc- 
017? 
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tliey  become  positively  electrifiefi,  or  if  wo  take  away  S, 
portion  of  that  which  is  natural  to  tbcm  tbey  become 
iiegatively  eltctrilied. 

Duffy's  theory  ia  that  t6ere  exiets  tliro«ghoHt  all 
epaCG  a  univGrsal  niGdium,  the  iraiuediate  propeiliea  of 
wliiiih  ni'G  not  koowD.  It  ia  composed  of  two  species 
of  electricity,  the  positive  and  the  negative,  each  of  these 
being  Belf-repellant,  but  attractive  of  the  other  iind. 
Bodies  arc  in  a  ne-utral  or  statural  state  or  condition  of 
equilibrium  wlien  they  contaiu  equal  quantities  of  the 
two  eleetricitiea;  they  nvc  positively  eleetnjied  when 
the  positive  ia  in  eKceas,  and  negatively  when  the  nega- 
tive ia  in  excess. 

Electricity  is,  however,  now  coming  to  be  regarded 
as  a  compound  force,  remarliable  for  the  peculiar  form 
of  action  a-nd  reaction  that  it  exhibits.  This  kind  of 
action  and  reaction  follows  the  same  laiv  of  equality 
and  opposition  in  its  manifestationa  as  that  "which  ia 
shown  more  obvioasly  in  th«  phenomena  of  mechanics. 
"Whenever  vitreous  olectrioity  appears  at  one  point,  a 
corresponding  amount  of  resinous  electricity  is  invaria- 
bly developed  in  its  vicinity,  reacting  agamst  it,  and 
thus  enabling  its  presence  to  bo  recognized. 

As  OQQ  kind  of  electricity  can  never  make  its  ap- 
pearance alone,  but  is  always  accompanied  by  ao  equal 
quantity  of  tlic  other,  we  uniformly  fiod  that  the  rubber 
and  the  surface  rubbed  are  in  opposite  states;  if  the 
ono  is  positive,  the  other  ig  negative.  It  is  on  thia 
principle  that  many  machines  are  furnished  with  means 
of  eoUecling  from  the  prime  conductor  or  the  rubber, 
and  therefore  of  obtaining  the  positive  or 
negative  electricity  at  pleasure. 

In  1745  the  Leyden  jar  was  discovered.. 
This  consists  of  a  glass  jav,  J^ii/,  101,  ooatei 
on  its  insido  with  a  piece  of  tin-foil  within 
an  inch  or  two  of  its  upper  edge,  and  also 
on  its  onteide  to  the  same  point.  Through 
the  cork  which  closes  the  mouth  of  the  jnr 
a  brass  rod,  terminated  ty  a  ball,  pasHes. 
Tiie  rod  reaches  down  to  the  inside  coating 

Wlim  Lb  Dufay'e  tlieorv '/  Whitt  ia  Iho  present  viow  of  the  nmare 
of  electricity  ?  Cnn  one  kind  ot  electricity  nlottO  be  prodnced?  De- 
scriljo  the  LeydeD  jar. 
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and  touches  it.  On  holding  this  instriiment  by  the  ex- 
terior uoatiiig  and  presenting  itsliall  to  the  prime  con- 
ductor, a  torrent  of  sparliBpiissGK  into  the  jav ;  and  when 
it  is  fully  charged,  if,  stlU  retaining  ono  hand  in  contact 
witli  the  outside,  we  touch  the  ball,  a  hrigiit  spark  pass- 
es with  a  loud  snapping  noiso,  and  the  operator  receives 
through  hi3  arm  aud  hreaat  what  is  called  the  eloctric 
ehock. 

11"  we  take  the  discharging  rod,  ^ff.  102,  consisliug 
of  two  brass  arniB,  a  a,  terminated  by  balla  work- 
ing on  a  joint,  ft,  and  finpported  by  an  iosnlating 
handle,  c,  by  hrioging  one  of  its  balls  in  contact 
with  the  outside  coaling  of  a  leydon  jar,  and  its 
othev  ball  with  the  ball  of  the  jar,  the  discharge 
will  take  place  aa  before,  bnt  the  operatoi',  pro- 
tected by  the  glass  Landl^,  receivea  no  sliock. 

If  between  the  outside  coating  of  the  jai"  and 
one  of  the  balls  of  the  discharging  i-od  a  piece  of 
cardboard  b&  wade  to  iuterveoe  and  the  epark 
passed,  the  card  will  be  found  to  ha  perforated,  a 
burr  being  raised  on  both  sides  of  it  as  though  two 
threads  had  been  drawu  through  the  hole  in  opposite 
directions  at  the  same  time; 
and  ii'Doi  this  au  argument  ii) 
favor  of  the  theory  of  two  fluids 
haa  been  drawn. 

When  a  great  number  of  jars 
are  connected  together,  eo  tliat 
all  their  inside  coatings  unite, 
and  all  their  outside  coatings 
are  also  in  contact,  they  consli- 
tute"  what  is  termed  an  electric 
battery,  aa  seen  in  -T^/y.  103. 
I3y  this  instrnmeiit  many  of  the 
more  violent  eft'ecta  of  electrici- 
ty may  bo  illustrated,  ettch  as  the  splitting  of  pieces  of 
wood,  and  the  ignition  and  dispersion  of  metallic  wires. 

Huw  is  it  nied?  Describe  ihc  Jischnrfjiog'  roil?  Row  may  a 
cord  be  jierfnrnied  hy  tbo  epark  ?  Wli;it  is  tliu  peculiarity  ef  the  per* 
foration  ?    What  ia  iia  olecti-ic  battery  ? 
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LECTUHE  XKVin. 

.ElECTTEICAI.  IxSTKETMENrs  AND  Faradat's  TdEORT  op 

Electric  Polakization. — TJieory  of  the  Leythn 
Jar. — JfJlectrometers  :  Quadrotii,  Gold-leaf,  Toraion, 
J'dtier's, — Sohii^nberger's  £ikc(rijscopc, — ZambotiPa 
Tile. — IWadat/s  'J7ieorij  of  Polarization. —  Speuijie 
Jiuhiction. — Methodn  of  Discharge  hij  Conduction, 
Disruption,  Convection. — 2Ri;  Brusk. — Mydro-ekc- 
trie  Mitchi-ne. 

Tim  office  ivhich  is  discharged  by  the  metallic  coat- 
ings of  a  Leyclen  jar  is  illustrated  by  the  apparatna 
J^ig.  104.  It  consists  of  u  conical  glass  jar,  to  tbe  inte- 
t'ig.vsi.  lior  and  exterior  of  which  movable  coatings 
of  tliick  tin  plate  are  adapted,  the  interior  oijq 
having  &  rod  and  ball  projecting  from  it.  This 
may  be  charged  like  any  other  Leyden  vial; 
but,  OH  taking  ofF  its  outside  coating  and  re- 
moving  its  interior,  they  may  be  handled  and 
brought  into  contact  with  each  other,  and  no 
spark  passes;  but,  on  restoring  them  to  their 
former  position,  and  applying  the  discharging  rod,  the 
jar  is  discharged.  Tbej'  therefore  only  serve  to  make 
a  complete  couductin^  communication  between  all  parts 
on  the  interior  and  all  on  the  exterior  of  the  jar. 

The  condensing  notion  of  tbo  Leyden  vial,  which  en- 
ables it  to  hold  so  large  a  qnaotily  of  electricity,  is  dne 
to  induction.  When  the  innev  coating  is  brought  into 
cotitact  with  the  pi'ittie  conductor,  it  participates  in  its 
electrical  condition.  We  may  tliercfore  suppose  it  to 
be  positively  electrified.  The  positive  eleetncity  of  th 
interior  rept-ls  tiiat  of  the  cstorior  into  the  earth,  lha 
onlEide  of  tlie  vial  being  in  comraiinication  iviib  ilje 
gi'onnd.  It  therefore  appe-irs  that  the  inner  coating  is 
positive,  the  outer  negative,  and  the  whole  jai%  taken  to- 
gether, is  in  the  neutral  condition.  The  inner  coating, 
continning  to  receive  a  farther  charge  from  the  prime 
condlI(^tor  by  indnclimi  through  the  glass,  Cfintinuaily 

■Wlirtt  ia  Fi'j.  10*  inlcnJeii  to  clemonmratB  ?  How  ia  it  used? 
What  U  tlis  conJcDsing  nctioa  of  llio  LGydon  jar  due  to  ? 
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repels  more  of  tlic  saino  kiuil,  tlie  positive  into  llic 
ground  and  the  uegntivo  aceiiniuhtea  on  the  outBidc. 
In  thia  manner  an  iud-efinite  ^^uaatity  might  be  auciiniu- 
lated,  were  it  not  for  tLe  fact  that,  owing  to  the  distance 
which  interven-ea  between  the  two  coatings  by  reason 
of  tho  tliickneas  of  the  gliiss,  the  quantity  of  positive 
electricity  in  tho  interior  ia  novcr  precisely  neutralized 
hy  the  quantity  of  negative  on  the  exterior,  for  all  in- 
ductive actions  enfeeble  as  the  distance  iucrcaaes.  The 
jar  eventually  refuses  to  receive  any  more  spavka  from 
tha  machine. 

Although,  in  charging  a  jar,  the  interior  coating  ia 
commonly  brought  into  contact  with  the  prime  conduct- 
or, yet  the  cliarg-ing  may  be  equally  well  nKComplished 
if  the  ex  tevnal  coating  receive  the  sparks,  provided  only 
that  the  interior  commtinicntea  with  th6  gi'onnd. 

The  action  of  the  Leyden  vial  may  be  illustrated  by 
the  following  experiments.  With- 
in an  inch  of  the  ball,  «,  of  the 
prime  conductor,  J^ty.  105,  bring  = 
a  secondary  conductor,  b.  Blip- 
ported  on  an  insulated  stem,  c, 
and  oft  putting  t!ie  electrical  ma- 
chine in  activity,  two  or  three 
Bparks  will  pass  from  a  to  ft,  but 
after  that  no  more.  The  caiiBo  of  the  refusal  on  the 
part  of  the  secondary  conductor  to  receive  any  farther 
charge  is  obviously  due  to  tho  fact  that  the  electricity 
which  ia  already  communicatod  to  it  repels  that  upon 
tlie  hall  a,  and  jirevents  tho  passage  of  p^,, 
any  more,  a_ 

If  now  we  take  a  leyden  jar,  S,  J^ff- 
lOtt,  and, having  insnlated  it  on  a  stand, 
bring  it  within  a  short  dis.tanco  of  tho 
ball,  «,  of  the  pTime  conductoi*,  it,  4i> 
the  same  manner,  will  only  receive  a 
few  sparks.  Bnt  if  we  plnee  a  eonddct- 
or,  e,  which  ia  connected  with  the 
ground,  near  tho  outside  coating,  it  will 

Desprlbe  the  chnrging  of  a  Leyden  jaiv  Why  is  Iherc  n  limit  lo 
the  eharge?  What  other  method  of  charging  raiiy  ha  used?  Umv 
does  Fig,  WFi  illustrnfe  the  action  of  the  Lcjden  jur?  DesCribO  tho 
esperimcHt  jllualrnted  hy  Fiif.  lOG. 
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be  found  tliat  for  every  spark  that  passes  between  a 
and  6,  one  passes  between  the  oiilBiae  coating  and  c, 
and  the  sparks  lolloiv  each  other  iii  vapid  sticcession 
until  the  jar  becomes  fully  cbarge<5.  From  tbie,  thei'C- 
fore,  wfi  gatber  that,  wliila  positive  electricity  is  passing 
ihto  the  interior  of  tbe  jar,  it  is  escaping  from  the  exte- 
rior, and  that  the  reason  tlio  jar  condenses  is  because  its 
sides  are  in  opposite  coDclitions,  the  positive  electricity 
of  the  interior  being  nearly  neutraJized  by  the  negativo 
electricity  of  the  exterior. 

Electron! etcra,  or  electroscopes,  are  iiistrurnents  for 
measuring  the  iiitensity  of  electrical  excitement.  TliG 
cork  balls  wliich  are  represented  in  I''it/.  02  are  one  of 
the  most  simplo  of  these  contrivances.  The  distance  to 
wbicb  they  will  diverge  ia  n  I'ough  measure  of 
the  inteoeity  of  the  electrical  force.  The  quad- 
rant electrometer  depends  GBScntially  on  tho 
same  principlos.  It  consista  of  an  uprlglit  stem 
of  ivood,  l^it/.  307,  to  whicb  is  affixed  a  eemicir- 
cnlar  piece  of  ivory,  from  tbe  centra  of  which 
Uiei'o  hangs  a  light  ball  of  cork  playing  on  n 
pivot.  When  this  iuBtrnracnt  ia  placed  on  the 
primo  conductor,  or  other  clGctriSed  body,  the 
stem  participates  in  the  electricity,  and  repels 
the  cork  ball  ■wlich  hangs  in  contuct  with  it. 
The  amount  of  repulsion  may  be  read  off  on  the  gi'adu- 
ated  semicircle.  But  no  quantity  of  electiicity  can  ever 
drive  it  beyond  80° ;  and,  indeed,  its  degrees  are  not 
proportional,  to  the.  quantities  of  electricity. 

The  gold-lesf  electrometer,  J^g.lOQ, 
consista  of  a  glasa  cylinder,  o,  in  "wlilch 
two  gold  leaves  are  suspended  from  a 
conducting  xai,  terniinaled  by  a  ball 
or  plate,  />.  On  the  glass  opposite  the 
leaves  pieces  of  tin-foil  arc  pasted,  bo 
that  when  the  leaves  diverge  fully  they 
may  diecbarge  their  electricity  into  the 
ground.  This  is  a  very  delicate  instru- 
ment for  discovering  the  presence  of 
eleetrieity,  but  the  torsion  ol octromoter  of  Coulomb  is 

What  is  an  elecirotneier  ?  Wliat  is  tim  mosisinipio  of  ttieau  con- 
trivancogf  Doseribc  the  quailrant  electrometor.  ttescriLe  tlio  golil- 
]oflf  cIot'tFoitkCMr. 
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to  be  preferred  when  it  is  required  to  tavo  exact  meas- 
ures of  tliat  ([uautity. 

Coulomb's  electrometer  consists  of  a  glass  cylinder, 
A,  lOD,  Upon  the  top  of  wliich 
there  is  fixiid  a  tube,  B,  m  tho  axis 
of  which  hangs  a  glass  thread,  S, 
to  the  lower  end  of  which  a  small 
bar  of  shellac,  b  d,  with,  a  gilt  pith 
ball  at  one  cxtremitj-,  is  fastened. 
Through  an  aperture  in  the  top  of 
the  glass  cylinder  another  Bhellac 
rod,  -e,  with  a  gilt  ball,  may  be  in- 
troduced. Thia  goes  under  the 
name  of  the  mrrier. 

If  now  the  lower  hall  of  tho  car- 
rier ho  charged  with  the  elcctrioity 
to  be  measured,  and  introdnced 
into  the  interior  of  tho  cylinder,  as 
seen  in  tho  figure,  it  will  repel  the 
movable  ball.  By  takiug  hold  of 
the  buttoD,  a,  to  which  tho  nppev  end  of  tlis  gltiss 
thread,  b,  ia  attached,  we  roay,  by  twisting  the  glass 
thread,  forcibly  bnng  the  carrier  ball  and  uoovable  hall 
into  contact.  The  miinber  of  degrees  through  which 
the  thread  requires  to  bo  twisted  represents  the  amount 
of  electricity.  To  the  button,  a,  an  index  and  scale,  c, 
are  attached.  By  this  wo  can  tell  the  number  of  de- 
gi'oes  of  twist  or  torsion  which  have  been  given  to  the 
thread.  These  angles  of  torsion  are  exactly  proportion- 
al to  tho  quanliliea  of  electricity. 

Another  very  conveuicnt  electrometer 
was  invented  b^  Peltier,  in  which  the  di- 
rective force  ot  a  small  ma-Tict  ia  aubati- 
tiiLed  for  the  torsion  of  a  glass  thread. 

One  of  the  most  delicate  electroscopes 
is  th  at  of  Bohnenbcrgcr.  It  consists  of 
a  small  Zamboni'a  pile,a  6,^1^.  110,  sup- 
ported horizontally  beneath  a  glasa  shade, 

and  from  its  extremities,  a  &,  curved   ^ 

wires  pass,  which  terminate  in  parallel          "■   ' 

Describe  Coulomb's  electrometer,  lloiii  n  Coulomb's  iristrumeut 
need?   Describe  Feltiet'g  oloctrameicp.    How  la  Bolmenbergor'a 

cleetrCiEcojifi  ni-rafigfid  ? 


Fig.  iin. 


plutcs./)  III.  Oue  of  tliese  is  therefore  the  positive,  and 
iho  oilier  the  negative  (lola  of  llie  pile.  BcIwggd  them 
llii-'ro  liaiiya  a  gold  leaf,  d  wliich  is  ia  mct.illio  com- 
iiiiiiiicniioii  with  tbfl  plate  o  by  iweatia  of  the  ioi2  c. 
If  the  liial'  liaiiga  equally  between  the  two  plates,  it  is 
tHUiiilly  nttracted  by  each,  and  remaius  motionless  j  but 
oil  coruniuoicatin^  a  trace  ol"  electricity  to  the  piste  o  n, 
iliu  golJ  leaf  insifiutly  moves  toward  the  plate  wbioh 
lias  tlie  opposite  polarity. 

Zamboni's  electiica-l  piles  ars  made  by  pasting  ziDtv 
toil  on  one  side  of  a  sheet  of  papei'  and  coating  the  otter 
ivttli  finely-powdered  peroxide  of  maoganese  and  honey, 
and  then  punching  oat  a  number  of  circular  pieces  half 
an  inch  in  diametef.    If  several  thousands  of  these  be 

ftuclced  together  in  a  glass  tube  m  that  the  zinc  faces  all 
Dok  in  one  direction  and  the  manganese  in  the  other, 
and  be  pressed  tightly  together  by  metallic  plates  at 
tlic  ends,  it  ivill  be  found  that  one  extremity  of  the  pile 
is  positive  and  the  other  negative.  With  a  dry  pile  of 
20,000  pairs  sparks  can  be  obtained, 
and  a  Leyden  vial  charged  eufficicntly 
to  give  shoeka.  If  the  pile  be  dried  it 
loses  activity,  but  otherwise  it  will  con- 
tiaue  to  work  for  years.  Fig.  1 1 1  rep- 
resents a  pair  of  tliese  piJes  arranged  so 
as  to  produce  what  was  at  one  time  re- 
garded as  a  perpetual  motion.  Two 
piles,  a  6,  are  placed  ia  such  a  position 
lliat  their  poles  are  reversed,  and  be- 
tween theni  a  ring  or  light  hall,  €,  vi- 
brates like  a  pendulum  on  an  axis,  d. 
It  la  nlternately  attracted  to  the  one  and  then  to  the 
Oilier,  iiiid  will  continue  its  movements  for  years.  It  is 
covori'd  by  a  glass  shade. 

Many  t>r  the  fundamental  phenomena  of  electricity 
Imvn  ln'(in  ox]>lained  by  Faraday  npon  the  hypotliesia 
lliat  iiiiluoti')u  in  an  action  of  polarizatioa  taking  place 
in  tlin  i.'iiiiti)j;iioi:9  molecules  of  nou-cooducting  media, 
and  prupujfiiUid  in  curved  lines.  Bodies  anscepttble  of 
thi»  |iolfiii*iitiiin  arc  termed  fU-declric^,  for  they  allow 


H(rw  Vn  lUmlMliil'B  piles  made?  Doxrritie  Fig.  Ill-  What  is 
VnnAty'n  »l|<lnlini>(Minr  inrlnciion?    Vlhnt  areiiii'Icctrics? 
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electric  power  to  traverse  tliem,  but  by  a  proceaa  Jiffer- 
lEg  from  conduction.  As  examples,  air,  resin,  glass,  au-J 
Bulphur  may  be  nientioneil. 

Whatever  may  be  th«  form  or  conalittition  of  bodies, 
an  electrio  charge  can  not  be  given  to  them  without  at 
the  same  time  giving  a  charge  of  tijo  opposite  kind,  but 
of  the  same  amount,  to  thom  or  other  bodies  in  their  vi- 
qiuity.  This  charge  Is  not  confined  upon  their  eurfacee 
by  the  pressure  of  the  atmosphere,  but  through  the  po- 
larization of  the  aerial  or  soUd  particles  of  the  surround- 
ing dielectnce,  producing  in  them  ji  charge  of  the  pame 
amount,  but  of  au  opposite  bind.  Thus,  if  a  positively 
electrified  ball  be  placed  in  the  centre  of  a  hollow  me- 
tallic sphere,  the  intei'veniug  space  being  filled  with  at- 
mospheric air,  the  ehargo  is  not  rotainGd  upon  the  ball 
by  the  pressure  of  tho  air,  but  because  each  aerial  parti- 
cle assumes  by  induction  a  polarity  of  the  opposite  kind 
on  the  sidu  nearest  the  bail,  and  of  the  same  kind  on  the 
side  fjirthest  off.  This  atate  of  force  is  tberefoi-e  com- 
muuicuted  to  the  interior  of  the  hollow  sphere,  which  is 
dectritifid  to  the  same  amount,  but  of  an  opposite  kind 
to  the  ball. 

That  tliia  polarization  tates  place  is  ehown  by  the  po- 
Bilion  which  email  6i!k  fibres  or  spangles  of  gold  assnras 
when  placed  in  oil  of  turpentine,  through  which  induc- 
tion is  tstabJished,  Each  particle  disturbs  not  merely 
that  which  is  before  or  behind  it,  but  it  is  in  an  active 
relation  with  all  eurroundiug  it ;  and  hence  tlie  polarity 
can  be  propagated  in  curved  lines,  and  induction  take 
place  around  corners  and  behind  obstnclcs. 

On  theeo  prLnciplee  wo  can  caeily  accoujit  for  tlie  dis- 
tribution of  electricity  on  spherical  or  ellipsoidal  con- 
ductors, the  repulsion  of  bodies  similarly  electrified,  the 
condensing  action  of  the  Leydea  vial,  and  many  other 
similar  phenomena. 

Uy  a  variety  of  esperimentB,  Faraday  baa  proved  that 
inductive  action  takes  place  In  cui^ved  linee,  tho  direc- 
tions of  which  can  be  v.iriedby  the  apxjroach  of  bodies. 
He  has  also  shown  that  the  particles  of  solids,  as  shellac. 

Mention  some  cxnmptes.  WTint  occurs  when  a  body  receives  an 
electric  charg-c?  Describe  ihe  action  of  nn  eletlricttl  ball  in  Ihc  in- 
icrigr  of  A  sphere-  lIoiT  do  n-B  knon  that  polarization  lakes  place? 
Docs  inditction  lake  place  only  in  etrnight  linef? 
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glass,  etc.j  assume  this  chara<3ter  of  polarity.  Non-con- 
anctiog  bodies,  dielectrice,  throngh  ivliicli  ihe  action  of 
induction  takes  place,  have  each  a  specifio  bidiictwe  ca- 
pacity. Thus,  if  three  metallic  plates,  a  5  c,  J^y.  112,  be 
insulated  parallel  to  each  other,  atmos- 
pheric air  intervening  between  a  and  b, 
and  a  plato  of  shellac  between  h  and  -c, 
the  Hiicllac  will  be  found  to  allow  induc- 
tion to  tatG  place  aevosa  it  twice  as  readi- 
ly 33  air.  The  following  table  exhibits 
tlie  specific  inductive  capacity  of  ■sarions 
bodies: 

Specific  Induction. 


Air   1.00 

Besin   1.77 

Piicu  i.eo 

Eoeawax   1.86 


ClasB   1.90 

Sulplitir   1.93 

Shfllpc   1.9.5 


Fig.  Ill 


All  gases  Iiave  tlio  Game  indn 
tive  capacity,  whatever  their  den- 
sity, elasticity,  temperature,  or  by^ 
grometric  condition  ma^  he.  Fara- 
day's apparatus  for  this  investiga- 
tion W.13  a  kind  of  Leyden  vial, 
Mff.  113,  consisting  of  two  metal- 
lic Bplieres,  A  A,  insulated  fi-om 
each  other  by  a  stem  of  shellac,  B. 
The  interval  between  the  two  could 
be  filled  with  any  gaseous  mediiuu 
throngh  the  stopcock  6'.  Two  of 
the  jars  were  nsed,  one  cont.iining 
air  aa  a  standard.  When  the  other 
jar  waa  charged,  tho  charge  was  di- 
vided with  that  <JontaiDing  air,  and 
the  relalivo  iotcusity  meaeiu'ed  by 
.in  electrometer. 

After  the  electric  equilibriaiB  of 
.ibody  has  been  diBtin-bcd,  it  may 
be  rcBtored  by  conduction,  disrup- 
tion, or  convection.    An  example 


What  U  rncnnt  by  5|iwiflc  inJiiriira  cflpfifily?  QiTe  the  indnc- 
tivi:  capaeiiica  of  air,  resin,  pic.  WliBl  is  tlie  case  wiili  Easeoas  bod- 
ies?  Describe  Faradny'a  flppnratus. 
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of  the  first  and  second  methods  of  discharge  is  eeon  in 
tbe  use  of  a  dischai'ging-rod  applied  to  a  LoyJen  vial, 
tho  electricity  passing  quietly  along  the  iiietalliu  con- 
doctor  a.  pavt  of  tlie  wf»y,  but  Ijwrstiiig  through  the  in- 
terval of  air  by  diaruptiop.  Heat  is  evolved  by  tha 
passage  of  electricity  along  a  condnctoi-,  the  amount  in- 
creasing as  tlte  resiBtaiicc  I'l'diq  imperfect  Conduction  ID- 
creases. 


DeveiopmeTit  of  Seat  hy  Electricity. 


G 
G 

Iran  

30 

Gold  

.  9 

30 

....  Et 

The  amount  of  Iiervt  increases  as  the  square  of  the 
quantity  trausniitied  in  equal  times.  If  ttie  size  of  tlie 
conductor  be  Bufficiently  reduced,  it  may  be  deflagrated. 
In  a  disruptive  discharge  particles  of  the  solid  condnct- 
oiTi  are  torn  off  by  the  spark,  and,  being  ignited,  give  a 
tint  to  the  light.  In  this  way  the  speeira  of  many  lilet- 
ala  have  beea  observed.  Not  only  light,  but  also  heat  is 
roduccd  in  this  niethocl  of  discharge,  as  may  be  shown 
y  pasting  a  slip  of  tin-foil  on  glass,  and,  having  cut  it 
across  in  two  or  three  place?,  laying  wafers  thereon. 
On  passing  a  discharge,  the  wafers  will  be  thrown  off 
by  the  expansion  prodnoed  in  the  air  by  beat  at  those 
points. 

The  velocity  of  moYGment  of  the  spark  greatly  ex- 
ceeds that  of  light,  passing  throngh  a  copper  wire  at 
the  rate  of  288,000  miles  in  a  second.  Its  duration  is 
estimated  at  less  than  the  niillionlh  of  a  second.  Trees 
agitated  violently  by  the  wind,  if  illuminatiid  at  night 
by  lightoiug,  eeem  to  be  perfectly  at  rest.  The  dialaDcs 
through  which  disruptive  discharge  will  take  place  va- 
riea  with  different  media,  and  with  their  rarefaction,  A 
spark  will  pass  throngh  severn!  inches  of  flame. 

A  dilute  spark,  or  brush,  occurs  when  a  discharge 
takes  place  between  a  good  condnctor  of  limited  siir- 

How  is  electric  equilibrium  restored?  Wlien  doea  clpclricilj 
produce  heat?  Is  tlic  pruduclion  the  eamc  fur  nil  mctnls?  Give 
examples.    'What  i)<  the  law  of  I'ai^rCDsc  of  tbc  heat?    What  DCCIira 

dttring  disruptive  discharge  F  State  the  velocity  of  trail  sniiaaian  of 
elcctricitj-.    Wliftt  is  the  fimsAr 

G 


146 


TBK  BtlCCTttOPHOEUS. 


face  and  a  bad  one  of  larger  Biirfnce;  as,  for  Gsample, 
wlieii  a.  blunt  rod  discharges  into  the  air.  The  brush  is 
larger  from  a  surface  charged  vitreously  tlia-n  resinonsly. 

bistiharge  by  convection  is  ivhere  the  charge  is  fee- 
bler, and  Uie  brush  is  replaced  hj  a  tratiqui!  glow. 

Electricily  may  bo  produced  ia  large  flmount  by  the 
liydro-eloctric  machiDB,  which  coasists  of  an  insulated 
boiler,  fi-om  which  ateam  cao  escape  tlirough  long  tubes. 
The  boiler  beoomes  negative,  the  escaping  steam  being 
positive.  The  smallest  quantity  of  oil  ov  turpentine, 
however,  reverses  these  electrical  states. 

The  eleotrojjhoruH  ia  an  instrument  which  defends  for 
its  action  on  induction,  and  is  of  frequent  «ae  in  chem- 
istry.   It  consists  of  a  cake  of  shellac  or  sealing-wax, 
Fij'.  lit.  11+)  on  which  ia  placed  a  flat  mo 

taliic  plate,  a,  with  an  insulating  han- 
dle,«.  Ou  exciting  4  with  a  piece  of 
warm  flannel,  it  becomes  negatively 
electric ;  and  a  being  placed  on  it  and 
a  finger  brought  near,  a  negative  spark, 
driven  from  a  by  the  repulsive  influence 
of  fi,  19  received.  On  lifting  a  by  its  insulating  handle, 
a  positive  8park  h  obtained ;  on  patting  it  down  on  i, 
a  negative  one ;  and  in  this  manner  we  may  obtain  an 
unlimited  number  of  sparks — positive  ones  when  a  is 
lifted,  and  negative  onea  when  it  is  down.  A  little  re- 
fleotioD  will  show  that  none  of  this  electricity  comes 
from  the  excited  cake  i,  but  is  merely  the  effect  of  its 
inductive  inHuence  on  the  electric  condition  of  the  me- 
tallic plate  a.  The  electrophorua  may  be  usBd  when 
th-e  weather  is  too  damp  for  the  common  machine  to 
work. 

What  is  iho  hydro-electric  machine^  nnd  how  does  it  act?  Do. 
Bcribe  the  clectropliorus,  and  its  method  of  actiou. 
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Fig.  115. 


LECTURE  XSIX. 

VoLTAici  Electeicjtt. —  Galvunfs  Discovery.-^  Uie 
Simple  Voltaic  Ciivle  and  its  I^opcrti&s. — J)irectioJi 
of  the  Cif/rent. — Differmt  Kinds  of  Combinatioiis. 
^Uae  of  the  Sufphuric  Acid.- — Cause  of  t/teJolCaie 
Current. 

In  1790  Gnlvani  olasen-ed  that  if  metallic  cotntnimi- 
cation  ia  macle  between  the  mnsdes  an(3  nerves  of  a  re- 
cenLly  killed  frog,  convulsive  inovemenla  occur.  II' two 
differentiuetals  are 
used, as  copper  and 
zinc,  the  contrac- 
tions are  mnch 
more  energetic.  If 
the  cm  nil  nerve, 
jV;  Mff.  lis,  of  a 
frog  be  exposed 
and  coDnectcii  with 
a  piece  of  zinc,  Z, 
■while  the  laiisclea  of  the  thigh,  m,aro  touched  with  n 
copper  wire,  C,  nothing  occurs  as  long  as  the  metals  are 
kept  apnrt ;  hut,  as  &oq»  aa  they  arc  brotight  jtito  con- 
tact, a  ooDvnIsive  movement  ensues,  und  the  same  ia  re- 
peated aa  often  as  the  contact  is  luado,  TIjceg  plieiiom- 
ena  at  first  went  under  the  uanie  of  animal  electricity. 

If  a  piece  of  zinc  and  one  of  silver  bo  placed  on  op- 
posite sides  of  the  tongue  and  the  overhanging  etlgea 
brought  into  contact,  a  metallic  taslis  is  perceived  in 
the  mouth.  If  the  silvef  be  between  the  upper  lip  and 
teeth  while  the  zinc  is  on  t!ie  tongue,  when  the  mctala 
tOHch  a  bright  flaeii  is  seen. 

The  branch  of  electrical  science  that  arose  from  such 
observationa  is  called  Gnlvanisra  or  Voltaic  electricity, 
snd  its  phenomena  are  those  of  electricity  in  motion. 
Btatic  electricity,  which  iveliave  previouBiy  considered, 
exhibits  that  force  in  a  motionless  state. 

What  fnct  (lid  Gfllvani  diseorar  ?  Descriljo  the  experiment  Fig. 
Il5.  Wliat  clettrieal  experiments  may  lie  performed  in  llie  moillli? 
What  is  llie  diffcrcnco  between  static  nnil  vo.ltQV'it\t«,fu;\V3't 
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dsT  platinum  -wire,  rh  long  aa  it  remains  in  position  its 
temperature  rises  eo  liigli  tliat  it  becomoa  red-hot,  and 
may  remain  so  for  Lours.  Now,  recollecting  that  the 
ignition  and  fusion  of  metala  take  place  ivhen  they  are 
made  to  interveno  between  tho  po!ilinga.  of  a  Leydon 
vial,  and  cousidering  all  the  facts  which  have  just  been 
Bet  forth,  we  sec  that  the  following  conclusion  may  be 
drawn:  that  in  nn  active  simple  Voltaic  circle  water  ia 
decomposed,  its  oxygon  going  to  the  zinc  and  its  hydro- 
gen to  the  copper,  aad  thiit  a  continuona  current  of  clec- 
trioity  nceoinpanies  this  decomposilioa,  running  from 
one  ntetal  to  the  other  through  the  connecting  rod. 

The  direction  of  the  current  is  as  follows:  The  elec- 
tricity, leavins  the  surface  of  the  iiinc,  passes  throilgli 
the  liquid  to  the  copp(?r,  theu  moves  through  the  con- 
necting wiro  back  to  the  zinc,  performing  a  complete 
circuit.    Uence  the  term  Voltaic  circle. 

Simple  Voltaic  circlca  are  of  eeverat  ItindH,  That 
which  we  have  been  considering  consists  of  two  difier- 
ent  metals,  with  one  intervening  liqnid,  bat  aimilar  re- 
eults  can  be  obtained  with  one  piece  of  metal  and  two 
different  liquids. 

In  the  foregoing  experiment  wo  have  used  dilute  buI- 
lihuric  acid;  this  acid  discharges  a  subsidiary  duty. 
Zinc,  when  it  oxidizes,  is  covered  with  a  coating  imper- 
meable to  water  and  air.  It  Is  this  grayish  oxide  which 
protects  the  coniraon  sheet  zinc  of  comincrcc  from  far- 
ther change.  When,  ihereforfl,  a  Voltaic  pair  gives 
rise  to  a  current  by  the  oxidation  of  its  zinc,  that  cur- 
rent would  speedily  stop  were  not  the  oxide  removed 
aa  fast  as  it  forms.  Tliia  ia  done  by  the  aulphnric  acid, 
which  fonns  with  it  a  sulphate  of  zinc,  a  substance  very 
soluble  in  water,  and  the  metal  thm  cotitinnally  presents 
a  clear  Burface  to  the  water. 

As  to  the  immediate  cause  which  gives  rise  to  tho 
Voltaic  cnrrentj  there  has  been  a  difference  of  opinion 
among  chemical  authors.  Voita  believed  that  the  mere 
contact  of  the  motala  wns  the  olectTOmotive  source,  and 

How  may  isnitiin  be  produced?  What  citncliision  niHy  bo  drnwa 
from  lliesB  otisemiiions?  WhnC  is  the  course  of  tlie  cnrrcnl?' 
\Tlittt  olher  kiiirji  of  Voltnic  eirrlos  nrc  Ilitro?  Whiit  is  tlie  use  of 
Bnipharie  fteid  in  these  eombinationa  ?  Wliat  did.  Volta  tbint  wal 
the  causo  of  the  currtnt  ? 
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enfleftvored  to  prove  by  direct  experiment  ttat  if  a 
piece  of  copper  siiid  one  of  zinc  are  brought  in  contact 
auil  then  se|pfH'aled,  ihey  become  cxcitecJ,  the  one  post 
lively  and  the  other  ntgativcly.  Upon  these  piiueiplea 
h<3  was  led  to  the  discovei-y  of  the  Voltaic  batlery,  an 
iijstiunieDt  which  has  revolutionized  cbemisiry.  But 
iiiiiny  fauta  bave  uow  indispiitably  slioivn  thiit  the  origin 
of  the  current  I3  to  be  Eoiiglit  in  the  chemical  changes 
going  on,  aiiil  that  the  energy  of  the  current  is  propor- 
tionate to  the  chemical  activity.  In  the  instance  ivb 
have  had  under  considerELtion  it  ia  due  to  the  decompo- 
silion  of  water.  The  direction  of  tbe  current  is,  thqt 
the  positive  electricity,  starting  from  the  more  oxidiza- 
ble  metal,  traverses  the  liqnid  townrd  the  less  osidizable 
metal,  and  returns  to  its  point  of  origin  along  the  wire 
joining  the  two. 


LECTURE  XXX. 

FoEMs  OF  THE  VoLTAJc  Battekt. — 57*6  Voltaic  IHJe. 
—  Crown  of  Cvps.  —  CruicIcxTianfiS  Batftry. — Ob- 
ject of  Amalga?naHon, — DanieWs  Batteri/. — Smee's 
Satienj.  —  Grove's  Hattery.  —  Snnsen^s  liiUlei-y.  — 
ToUatG  £^ect^:  t^e  SparJc^  Deflagration  of  Mttals, 
Iqtiiti-oti  of  Wires,  Arc  of  Flame.  —  The  Mectric 
i,i(lht. — Fusion  of  Metals. — Decornposition  of  "Wa- 
ter. —  Oxyffcn  and  ifi/droi/e/L  evolved. 

Tub  Voltaic  pilo  used  by  Voltii  consisted  of  a  nim- 
ber  of  pairs  of  dissimilar  metals,  as  zinc,  Z,  and  coppei-, 
C,  Fig.  IIT,  separated  from  one  another  by  pieces  of 
cardboard  or  flannel,  moiatened  with  acidulated  wa- 
ter. In  arranging  such  fi  pile  a  regular  order  must  be 
observed.  If  a  piece  of  kIoo  is  nt  tbe  bottom,  it  must  ba 
stir,ceeded  by  a  piece  of  llannel,  then  a  piece  of  copper, 
then  Kitic  again,  and  eo  on,  the  pile  tenninating  on  top 
by  a  piece  of  copper. 

If  the  ends  of  the  pile,  or  wires  connected  with  Ihcin, 
bo  touched  with  the  moistened  hands,  a  phocl;  ia  at  once 

Whnt.  is  Uic  sipw  i\mv  tnkf-n  of  tliG  olecfromotivo  source  ?  'WlKit 
is  llie  liiroctioii  of  tlie  cumont?  DcsoriW  llie  Vohaic  pile.  Whiit 
ftro  its  tffiicts? 


VOLTAIO  BATTERIES. 
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received,  ancl,  on  "briugiag  the 
wires  close  together,  a  spavk 
passes. 

There  are  several  iuconveoien- 
ces  atteodiog  tlie  original  con- 
struction: it  is  liable  to  be  orer- 
EQt,  la  troublesome  to  put  in  ac- 
tion, and  requires  to  be  takm  to 
pieces  ami  thorougbly  cleaned  ev- 
ery lime  tliat  it  is  used.  Its  max- 
imunn  effect  lasts  hut  a,  short  time, 
owiug  to  tbe  weight  of  the  eu- 
perincunibent  columo  prcBsiug  out 
the  moisture  from  the  lower  pieeea 
of  clotb,  and  as  soon  as  they  be- 
come dry  all  action  ceases. 

Volta  used  aTiollher  form,  which  he  called  a  cro 
oops,  119,  to  avoid  Lbeae  difliculliea.  In 

Fi3.  lis. 


wn  of 
it  the 


moist  flannel  is  replaeed  by  liquid  contained  in  glasa 
vessels,  the  copper,  C,  and  zinc,  Z,  being  connected  by 
wires  solder-ed  to  them, 

Cr  nicks  bant' a  battery  consists  of  a  box  or  trough, 
^eg.  110,  three  or  Ffu.m. 
four  iochea  square 
at  the  ends,  and  a 
foot  or  more  long. 
Grooves  are  made 
ia  the  sides  and  bot- 
tom of  thiabox,  and 
into  them  pieces  of  zinc  and  copper,  aoHered  facG 
to  face,  are  fastened  water-tight  by  cement.  These 
grooves  are  aboat  half  an  inch  apart,  ancl  into  their  in- 
terstices acidulated  water  ia  poured,  care  being  taken 

What  are  its  ini^nnvenienccs?  Descdbe  tbe  crown  caps.  De- 
icribe  Cmicksh link's  buttery. 
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ia  a  Bevies  of  tlio  foregoing  mniplo  circles.    The  figure 
allows  ono  coiitainiug  six  ci-l\s.    The  position  of  the 
plilitiized  silver  and  zinc  pl!Llcs  is  bcc!!!  at  S  and  Z. 
Probably  the  most  powerful  of  all  Voltdu  combina- 
lion'B  13  Grovt'B  nitrio  acid  tatiery.   It  con- 
eista  of  two  raetala  and  two  liquids,  amalg-a- 
itiaLcd  zinc  a.iid  platiniini,  dilute  Biilphnric  acid 
and  strong  nitric  acid.    A  jnrj  F,  /'V?.  124, 
tliree  qiinrtcra  of  an  inch  in  diameltr,  :ind 
made  of  poroiia  or  nuglazed  earthenware,  is  to 
be  Slled  with  strong  nitric  acid,  N,  aud  in  it  a 
slip  of  platinum  is  placed.    Tliis  porous,  earth- 
enware Clip  is  then  set  lo  a  glass  cup,  A,  three 
or  four  inches  in  diameter,  sQd  is  Hiirrounded 
hy  a  c3'liiidor  of  zinc,  Z,  one  quarter  of  an  inch 
in  ihiekneBS,  and  of  such  a  size  that  it  will  readi- 
ly pnas  between  the  porous  cup  V  and  the  glass. 
In  the  glass  is  placed  dilute  snlphiiric  acid. 
In  this  manner  several  cups  arc  to  bo  provided, 
tlje  arrangement  being  ainc  ia  contact  ivith  dilute  stil- 
/'r>.i;s.  phurio  acid  and  plati- 

num, in  contact  with 
strong  nitric  acid, with 
a  porous  Ciip  interven- 
ing between.  Thczioc 
cylinder  of  one  ceil 
is  connected  -with  the 
platinum  of  tlio  next 
by  solderiDgf,  J^iff- 
125  represents  a  bat- 
tery of  nix  cu])H  ni-iariged  i'oe  action.  P  is  the  posltivo 
and  N  tdc  negative  pole. 

Grove's  battery  owes  its  force  to  the  decomposition 
of  water  by  zinc.    JJiit  tlie  bydrogeii  is  not  evolved 
from  the  swrfjico  of  the  plnlinnen  as  it  would  be  in  a  sim- 
ple circle;  it  is  here  taken  np  by  the  nitric  acid,  which 
.ttndergooB  rapid  deoxidatton,  and  therefore,  daring  the 
use  of  this  battery,  volunies  of  deutoxida  of  nitrogen 
are  evolved.    A  battery  of  fifty  cmpa  gives  rise  to  very 
''iking  efiecls,  but  five  or  ten  nre  rjuitc  snfticient  to  rc- 
1io?t  ofjihe  fiiilowiug  cx|jcriinerits. 

*  tlio  most  povrei-rul  of  Voltnic  comWiiitlions  ?  Deseribo 
'ery.    WIi.iL  ia  iho  suiirce  of  [lowcr  in  Grove'a  butterj-I 
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flfttmum,  S,  Fig.  122,  on  each  side  of 
"wliich  ave  placed  pncnllel  plates  of 
amalgamated  zinc,  Z  Z.  These  plates 
Sre  hclct  tiglitly  agaiust  a  piece  of  wood, 
"W,  by  means  of  a  clamp,  &,  to  Tvliich, 
and  also  to  the  silver  plate,  binding 
screws,  for  the  purpose  of  fjisteniiig 
polar  wires,  ara  nffisec).  The  whole  js 
Buspeiidcd  by  menns  of  a  cross-piece  of 
wood  in  a  jar  coDtaioing  dilute  sulphu- 
ric acid. 

The  object  of  platinizing  the  silvGi' 
plato  ia  to  facilitate  the  extrication  of 
nydrogen  from  it  hy  furnishing  a  rough  iiiKtead  of  n 
«iiioolli  surfnce.  The  ndlieaion  of  hydrogen  to  the  siU 
"Ver  plate  enfeebles  ihe  Voltaic  action,  owing  to  the  tend- 
ency of  the  separated  componentB  of  the  liquid  to  re- 
unite. 

Smes's  compound  battery,  represented  iu  Fig.  123, 

FiK.  153. 


Hoiv  is  Smeo's  battery  eonatrucied?  Why  b  tLe  ailvcr  plala  plnt- 
ioUoil  f 

G2 
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ative  Frirf  wlK 


one 


lei-e 


but  a  si  10^ 

because,  the  resistance  being  less,  more  c'^'  .-.^sos 
in  a  Ci-^eu  time,  ana  the  temperature  la  hig'/'  j  '  f  soJi^ 
particles  of  wbicb  tbe  poles  consiFt  are  coJJ  „  being, 
transported  across  the  interval  separating  t'^„^'  ^  cavirt 


l,eing^ produced  in  the  jiositive  pole,  which  ^J' 
tion  with  the  platinnni^  and  a  deposit  upon  t''^  "''ffativ 


which  IS  m  conaecuon  wiin  tjie  z'uc  ijjt?  "-'"e  inay 
be  blown  out  by  the  hreath  as  we  hloir  out  ^  '^andJe. 

Tbis  light  has  been  utilized  for  ilhiminatin^  ^'^''Posgs 
being  einplojed  in  some  lighthouses,  and  niOi'e  ei(,;^' 
Bivcly  in  Jeclure-tabte  experiments.    But  the  ^""eat  cost 
and  practical  diflicultiea  of  its  application  hflveiitfaerto 
prevented  its  general  use. 

The  most  refractory  metala,  which  resist  tb^  Action 
of  furnaces  altogether,  may  be  fused  with  eaee  if  placed 
in  an  escavalion  in  the  carbon  connected  with  the  pig_ 
linum,  or  positive  pole  of  the  battery.  The  negative 
pole  does  not  attain  nearly  as  great  a  heat,  escept  when 
the  secondary  current  of  a  Rulimkorff  coil  ia  used. 

But,  in  a  ecientiiic  point  of  view,  by  far  the  moat  in- 
tPresting  experiment  lo  be  made  with  tlie  Voltaic  bat- 
tery 13  the  decomposition  of  water.    Through  the  bot- 
Mom  of  a  glass  vase  or  dish,  at  the  poijit  a  b,  Fig.  128, 

■  P's.  128.  two  platinum  wires  arc  lotroduced 
B  no  water-tight :  they  pasa  into  the  vase 
K           I  r          as  at  n  e,  S  rf,  parallel  to  each  other 

■  ly  but  not  touching.  Over  each  of  these 
"  - — w  m  wires  a  tube  is  to  be  inserted,  the 

tube  e  over  e,  and  /over  d;  the  vase 
and  tubes  being  previously  fillied  with 
water,  acidulated  slightly  to  improve 
its  conducting  power,  Now  let  the 
Whai  1,90  is  made  of  ihia  light?  How  mny  metals  La  ioeIie«l  by 
VoItiHc  pile?    licBcribo  tiie  decompoailion  of  WHler. 
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^vire  fit  c  be  connected  with  tie  poaiti've  pole  of  the  Vol- 
"•^aic  battery  and  b  d  with  the  negative,  bubbles  of  gas 
,:s,Tise  in  a  torrent  from  their  eslremities  and  pass  iip- 
^~^'arii  io  tlie  mbea,  displacing  the  water.    The  quantity 
'  -of  gas  thus  collecting  in  tlie  two  tubes  is  uncquiil,  nnd 
^vhencver  we  stop  the  decompoaitlon,  there  will  be  found 
"in  f  double  the  quantity  which  ia  in  e.    "When  a  suffi. 
«ient  amount  is  collucted,  let  the  tube  containing  the 
emaller  portion  of  gas  be  cautiously  removed,  prevent- 
ing any  atmospheric  air  from  getting  into  its  interior 
lay  closiiflg  it  with  the  finger,  and  then,  turning  the  tube 
"UpBide  down,  let  a  stick  of  wood,  witli  a  spark  of  fire  oa 
its  extremity,  be  immersed  ia  the  gas.  In  a  moment  the 
■wood  bursta  into  a  flame,  proving  that  this  ia  oxygen 
gas.    Then  take  the  other  tube,  Bud  allow  to  pasa  into 
it  a  qaantity  of  atmospheric  air  equal  to  the  volume  of 
gas  it  already  holds;  remove  the  finger  and  apply  a 
light,  there  is  an  explosion,    Thiij  shows  the  gas  to  be 
hydrogen.    We  therefore  conclude  that  in  this  experi- 
ment water  has  been  decomposed  and  resolved  into  ita 
constituent  ingredients,  oxygen  and  hydrogen  ;  and  far- 
ther, that  in  water  there  is  by  volume  twice  as  much 
hydi-ogen  aa  there  is  oxygen  gaa. 


P  LECTUIiE  XSXI. 

Tde  Electko- Chemical  Theory, —  27ieor;/  c/ the  I>e- 
composition  of  Water.— DeconijiosUton  of  SiUb. — 
J>avy^S  Discovery  of  Potaasimn,  Sodium,  etc. — 17ie 
S^lectro- Chemical  TAeory, — £!lec(rolytss, — ^rai^ay's 
Zaw.— Specific  Electricity. — Electrotyping  and  Gal- 
vanizing,—  Coniparison  of  Frictional  atid  Voltaic 
Electricity.— The  Voltamet^. — J)ifferen(  Speciis  of 
Satlery. 

The  prominent  fact  connected  "with  the  decomposi- 
tion of  water  ia  the  total  separation  of  the  eonatituent 
elements  on  the  opposite  polar  wires  or  electrodes. 
From  the  positiye  wire  oxygen  nlone  escapes,  and  fi'ora 


How  ia  it  proved  that  \t  is  formed  of  oxyfiji^n  and  hydrogen  ?  Whst 
ata  the  propariion5  of  oxygeli  and  hydrogen  in  water  ?  Wlial  is  iba 
prominent  fact  ia  the  decompoaition  of  water  ? 
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the  negative,  hj'drogeu.  There  is  no  partial  admixture, 
but  the  separation  is  perfect  aud  conijilcte. 

Though  the  poUi'  -wires  be  separated  Irom  one  an- 
other by  a  considerable  distance,  the  same  result  is  uni- 
formly obtained ;  and  it  is  to  be  reniavked  tliitt  tlie  evo- 
lution ot'gaa  takes  place  on  the  wirea  alone,  no  bubbles 
making  iheir  appearance  in  tie  intervening  space.  The 
principle  on  which  thta  is  effected  may  be  easily  utider- 
etood  by  aiippoHing  H  H  and  O  0,  Mff.  129,  to  repre- 
Pig.  12B.  sent  atoms  of  hydrogen  and  oxygen 
O  respectively  ;  each  pair  of  their,  ihere- 
K  fore,  represents  a  particle  of  n-ater. 
Now,  if  we  slide  the  npper  row  of 
atoms  upon  the  lower,  as  shown  a.t 
A  A,  o  o,  it  is  obvious  that  a  hydrogen 
atom  will  be  set  free  at  one  extremity  of  the  line,  and 
an  oxygen  atom  at  the  other;  and  that,  as  respects  all  the 
intermediate  pairs  of  atoms,  tbottgh  they  have  changed 
their  places,  yet  every  atom  of  hydrogen  ia  still  associ- 
ated  with  an  atom  of  oxygen,  corislituLms,  therefore,  a 
particle  of  water,  and  it  is  at  the  extremities  of  the  lino 
alone  that  the  gases  ar^  set  free.  So  in  tbe  polar  de- 
compositiou  by  the  pile,  all  the  liquid  intervening  be- 
tween the  poles  is  affected,  deeompositious  and  recom- 
binations successively  taking  place,  the  hydrogen  atoniB 
moving  in  one  direction,  the  -oxygen  in  the  oluer,  finally 
to  be  set  free  on  the  snrface  of  the  polar  wirea. 

Tliia  capital  discovery  of  tlie  decomposition  of  Tvater 
by  Voltaic  electricity  was  originally  made  by  Nicholson 
and  Ciirlyle.  It  is  by  far  the  most  satisfactory  method 
of  demonstrating  the  constitution  of  that  liquid.  After 
ill  was  made  known,  any  lingerhig  doubts  which  still 
remained  on  the  minda  of  some  chemists,  in  relation  to 
the  compoBite  nature  of  water,  were  speedily  removed. 
The  apparatus  tliat  tbey  nsed  was  intended  originally 
to  determine  the  conducting  power  of  liquids,  and  eon- 
sisteii  of  a  tube,  into  which  wires  were  fastened  water- 
tight at  the  two  ends.  Oq  passing  the  earrent,  tliey 
found  that  there  was  an  evolution  of  gas  at  one  Wire, 
and  that  the  copper  of  which  tbe  other  consisted  wasted 

Do  any  gas  hubbleg  nppflur  in  the  inlcrvening  space?  Explain 
the  non-appearance  of  gaa  except  nl  (lie  polca.  Who  tlrst  dccDia- 
pnsoU  inner  bf  eloctricil.v  ?    Dcscriba  ihe  apparatus. 
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away.  If  tbe  wires  are  ot  piatimini,  tiyclroo;cn  and  osy- 
geti  collect  in  the  tnbe,  and  maj"  8»bge<jHcntly  bo  lired 
by  a  Bpark  and  the  decouipoeed  water  rccombined. 

In  the  same  mancyr  that  water  is  dGcomiJOBed  by  the 
Voltaic  battery,  so  also  many  metallic  and  otliei'  FaltB 
yield  to  its  infliifucti.  Thus,  if  iiUo  a  jar  conlaining  a 
solution  of  sulphate  of  copper  two  metallic,  plates  be  in. 
trodueed  jiarEdlel  to  encli  otiier,  and  one  of  them  brougbt 
iu  couiieclioQ  with  tln3  negative  and  tbo  otber  with  ibo 
positive  polo  of  the  battery,  decotnpoeilion  of  the  salt 
takoH  place.  The  sulphate  of  copper  is  i-esolved  into  its 
constituents,  sulphuric  acid  and  the  oxide  of  copper; 
and  tbo  latter  ia  reduced  to  the  condition  of  metallic 
copper  by  hydrogen  simtdtaneonsly  evolved  with  it, 
arising  from  the  decomposition  of  a  part  of  the  water. 
In  this  luaanCi'  the  copper  may  be  deposited,  with  a  lit- 
tle care,  under  the  forni  of  a  tough  metallic  mass. 

Becquerel  obtained  some  veryliieautifnl  results  by  the 
aid  of  weak  lint  long-COntinued  electrical  cuiTents,  illna- 
tratiijg  the  probable  mode  of  formation  of  mineral  sub- 
stances  by  stich  currents  traversing  the  crust  at'  the 
earth.  If'wc  talie  a  glass  tnbe  beutin  the  form  of  a  U, 
ufty.  1 30.  and  close  the  bended  part  with  a  plug  of  plaa- 
ter  of  Paria,  putting  into  one  of  the 
branches  a  solution  ofcarbouate  of  sodii 
and  in  the  other  of  enlphate  of  copper, 
immefsing  in  one  of  the  Rolutiona  a  ainci 
plate  and  in  the  other  a  copper,  conuect- 
ed  together  by  a  piece  of  bent  wire,  tlio 
liquids  comniimicato  together  through 
the  porous  plug,  and  crystals  of  the  dou- 
ble carbonate  of  copper  and  soda  Cvrm 
on  the  plate  immersed  in  the  copper  so- 
lution. Iu  the  Banio  manner,  other  compound  salts  and 
mineral  bodies  may  bo  produced. 

Or,  if  wo  take  ajar.  A,  Ji'^r.  133,  and  fill  it  with  a  eo- 
IiiLiun  of  nitrate  of  copper  to  «,  and  then  with  dilute  ni- 
tric add  to  B,  and  immerse  in  it  a  slip  of  copper,  C  D, 
presenting  equal  surfaces  to  the  two  liquide,  an  electric 
current  ia  generated;  the  copper  is  dissolved  in  the  up- 

Is  woitr  the  oiilj'  subBinnca  liinC  is  decomposed  Lj  a  Voltaic  cur- 
rent? Givu  nn  cKarniile.  What  were  Becqiierel'a  espcrimenisF 
Describe  Fi^.  130.    Describe  /"iff.  131, 
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per  aolulion,  aad  13  deposited  in  crystals  at  D 
in  the  lower, 

Becqiieiel  has  shown  tliat  ia  the  strata  of 
thft  eavth  similar  actions  are  going  on  ;  aoA 
others,  by  connecting  the  aitrfaces  of  two 
contiguous  lodea  of  nietallic  ore  by  means  of 
wires  attached  to  a  galvanometer,  have  suc- 
ceeded in  demonstrating  to  the  eye  ilje  ex- 
istencB  of  these  feetle  but  continuous  cur- 
rents, wliicli  are  probably  thG  canse  of  tbe 
acc.urnulati'>n  of  different  metals  in  regular 
heds,  and  of  their  beautiful  crystalline  arrangement. 

As  in  this  manner  water  and  various  saline  bodies  un- 
dergo de  CO  in  position  by  t,hs  action  of  tLe  pile^  it  occur- 
red to  Sir  H.  Da\-y  that  probably  other  siibatances,  at 
that  time  supposed  to  be  simple,  might  also  be  decom- 
posed. He  accordiugly  enbjeeted  the  alkaline  aeitl 
earthy  bodies,  tlien  reputed  to  he  elementary,  to  the  in^ 
fluence  of  apowerful  battery,  and  found  that  hia  suppo- 
Bitioa  was  verilied.  On  placing  a  fragiaent  of  caustic 
potasstt  between  the  polea  it  iiumediatcly  melted ;  from 
the  positive  pole  oxygen  gas  escaped  in  bubbles,  and 
from  the  negative  small  raetallio  globules,  having  the 
appearance  of  qnicltBilver,  emerged.  These  were  char- 
acterized, however,  by  the  singular  quality  of  an  intense 
affinity  for  oxygen,  ao  tliat  they  wonld  take  fire  on  be- 
ing touched  by  water  or  even  ice,  and  were  so  light  as 
to  swim  upon  the  surface  of  that  liquid. 

The  results  of  Davy's  experiments  proved  that  the  al- 
taline  Bubatancea  and  all  the  earths  are  oxidized  bodies, 
and  in  most  instances  osides  of  metals.  The  convulsive 
spasms  of  a  frog's  legs,  ended  in  showing  that  the  crust 
of  the  earth  is  made  up  of  mttallio  oxides,  besides  re- 
vealing the  mystery  why  the  magnetic  needle  points  to 
the  north. 

On  those  principles  I>avy  established  a  division  of  el- 
ementary bodies  into  electro- positive  and  electro-nega- 
tivo  substances.  The  former  are  those  which,  during  a 
polar  decomposition,  go  to  the  negative  pole,  and  the  lat- 
ter those  that  go  to  the  positive.    The  electro-cbennical 

Whnt  is  (ho  eleclric  atato  uf  conlignonB  metallic  lodes?  TiVtint 
wiia  Davj'B  gran  discovery?  What  did  liig  eiporimGnts  provu? 
What  dirision  dad  Iws  innlio  of  llie  elementsF 
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tlieory  assnmes  that  all  botliea  have  a  natnral  appetency 
for  the  assumption  wf  the  positive  ov  ncg^itive  states  vc- 
spectively,  and  that  all  the  pheiiointna  ot' chemical  com- 
biciattou  are  merely  cases  of  the  operation  of  the  com- 
raoQ  law  of  electriGal  attraction,  for  between  paiticlcs 
in  opposite  states  attraction  ought  tA  take  plnc€;  anil 
when  in  a  compouod  tody,  audi  as  water,  which  con- 
sists of  particles  of  negative  oxygen  and  positive  hydro- 
f|!;en,  the  poles  of  an  active  Voltaic  battery  arc  immersed, 
tbey  will  effect  its  decompositioD,  the  negative  oxygen 
going  to  the  positive  pole,  and  the  positive  hydrogen  to 
tbe  negative  pole, 

Davy's  theory  thns  not  only  accoontB  for  the  deooni- 
poeing  agencies  of  the  battery,  but  also  for  all  common 
cases  of  cliemical  combination,  referring  both  to  the  fun- 
damental law  of  chemical  attraction.  With  all  Its  sim- 
plicity, it  wonld  be  easy  to  show  that  it  is  founded  on  a 
groondless  assnmption,  and  can  not  account  for  a  gi-eat 
numher  of  well-known  facts.  The  Voltiuc  pile  can  not 
decompose  all  bodies  indiscriminatdy.  An  electrolyte, 
for  so  a  decomposable  body  is  termed,  must  always  be 
a  fluid. 

It  also  appears  that  all  olectrolytsB  mtiBt  have  a  bi- 
nary constitution,  or  contain  one  atom  of  each  of  their 
constituent  ingredienta.  No  elementary  body  can  be 
an  electrolyte, 

Faraday's  law  states  that  the  aamo  current  of  elec- 
tricity, when  transmitted  successively  through  various 
electrolytes,  decomposes  each  in  the  proportion  of  their 
reepectivs  chemical  equivnIentH,  For  exsmpie,  if  water, 
iodide  of  potassium,  and  melted  chloride  of  lead  be  used, 
and  if  of  tho  water  there  bo  decomposed  9  parts  by 
weight,  there  will  be  105  ofiodide  of  potassium  and  131? 
of  chloride  of  lead.  These  numbers  represent  the  atom- 
ic weights  of  the  bodies  in  question.  The  following  ta- 
ble, by  Daniell,  of  the  specific  electricity  of  variona  bod- 
ies is  based  on  the  statement  that  the  proportion  of  elec- 
tricily  which  is  associated  with  a  given  weight  of  any 
BubstancB  is  inversely  aa  its  combining  proportion  : 

Whftt  does  the  eleclro-themicul  Iheory  aasume?  CBti  tlie  Vol- 
taic pile  decompose  all  subsLances?  Wbat  is  nn  elt'ctroljlc,  and 
what  mnsi;  lie  its  composilioB ?  What  iaFaroday'a  law? 


102 


TllK  KLKCTEOTYTE. 


IMH. 

KmiCt. 

1.U 

1000 

89.S 

9U 

ts 

'/Mw   

81 

si.e 

SI 

AIKIHOUU.M..., 

IT* 

lA 

IS'tMM. ........ 

17.3 

SI 

IttHia  

Dl.ft 

S«.8 

as 

Eqnin- 
■cut. 


Us*B«l  

ClJoniic  

ludiae  

BnMDioe  

FUoiiiM  .... 

Cvanogtm  ■ 

i^utptnuic  Add.. 

Kitii«  Aeiil  

CtklDRC  Acid  


8.0 
35.S 
13G.0 
Jfi.3 
ie.7 
S6.0 
M.0 
54.0 
7fi.5 


125 
27 
8 

la 

55 
Sft 
2& 
IS 
13 


IClvtutriily  tlv  tttitlou  uociipitw  a  rery  troportant  portion 
tM  til"  in'tn,    U  U  tjxtonaivoly  employed  as  a.  means  of 
,IH>v^l<'l'^tiii^  m)i<)H-i-,  mUvi'I-,  ^^lil,  lend,  zinc,  tio,  nickel, 
ilHt  ilikiUti  (Uitl  vUwv  tVoiii  solutions  of  their  salts. 

I^iuttu  |H'tiutf«iHtiit  HIV  ouHihI  yU'ctri.»[yi>iu^  or  galvanizing, 
ll,  It'i  u^"iu|iU",  it  tU'rv  iwiiuanl  to  obtain  a  (tertect  copy 
111  iitiN'ur  t'l'  (>ho  til'  ilio  t'sKiea  of  a  lued^I,  let  a  glass 
il'MlUjI'i  N  t\  t'ijf.  laa,  Ih^  fiUi^l  wilk  a  solution  of  the 
Mili'liato  vt'  copper,  and  to  the 
y^'^~^\  iK-^ativo  wirt,  K,  ofa  Smee's 

Voltaii,'  liattorv,  Ift  the  medal 
N  hu  »tt;ii.-'liviX  utl  those  poi^ 
tiotis.  oxTOjil  the  face  designed 
It*  I'v  oo^'iMtl  bdini;  varnished 
vwv  w  lovi-ifd  with  was,  to 
I'lvtwt  tliwui  fn.'m  ccntaot  with 
tlni  liiiuid.  To  tlj<i  positive  wire, 
K,  K<t  ChtM-«  \h3  aUai'heil  a  mass 
ol' cv'ju^^iv,  t'.  As  soon  as  the 
l„iii  i.i  J  1=  I"  "*'M(Hi,  iWitt'iuiwHilU'it  dl'the  sutphiLte  tabes 
|ri,M..ii  mul'VlUi  i-opiiBi'  Ui'ivv'ij.itJktvdoM  thw  face  of  the 
itiiiitiiii  I'l'liylna  II-  with  BUij'i'iaMij;  awiiratiy,  ITits  cop- 
tnii  ib  nt'  i'«"i'Bu  wllhdrikwii  tVoiii  ttie  ftuli-llanv  iti  the  so- 
Itillnit,  l'»llt  ^li)'"  111!"  in  woiii^  ou,  aiilpliuric  noad  and 
luycoli  wi'i',l"*''"iK  wvt>lviid  itiw  mass  vf  copper,  C. 
'I'kuv  llini'"'"™  uiiifto  uith  it ;  and  tlms,  a3  fast  as  eop- 
pm  U  prui'll'^l't'^il  oil  N,  hy  ■("liiliiiiou  iivw  qiiftulities 
nnt  iililtiliHi'il  iViim  t\  umt  thu'liiniiil  kwim  up  its  strength 
lliiiiii|iitl<'"'''  '"""'"t'  "t'ft  'liiy       iiH'Jul  mil)'  be 

<feliiiivii))  ^  iiiorualed  with  n  tou^h  red 
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coat  of  copper,  ivliich  runy  be  readily  split  off  from  it. 
It  is  a.  pepi'eet  copy  of  the  Burfitce  on  which  the  deposition 
took  pliico,  ami  in  lorn  it  may  be  used  as  a  mould  foe 
obt!iining  a  great  number  of  oasts.  Ollca  it  is  undesira- 
ble to  uae  the  original  coin  or  medal,  and  in  such  cases 
casls  must  be  oraployod.  These  may  bo  made  In.  fusible 
metal,  sealing-wax,  plaster,  gutta-percha,  aud  a  vnrieLy 
of  other  snbstnnccs.  The  surface  may  be  caused  to  be- 
oomo  a  conductor  by  bi'iishirio;  it  over  with  fine  plum- 
bago or  black-lead,  or  else  by  dipping  ii.  in  a  weak  solu- 
lioa  of  phosphonia  in  ethor,  and,  when  the-  ether  has 
evaporated,  immersing  it  in  a  solution  of  nitriite  of  sil- 
ver. Tiiia  leaves  a  thin  lilm  of  reduced  silver  on  the 
surfaco. 

Silver-plating  is  accomplished  from  aoUltions  of  chlo- 
ride of  silver  ill  cyanide  of  potassium;  gilding,  from 
chloride  of  gold  in  cyanide  of  potaaaium.  The  metals, 
as  deposited,  havo  a  dead  or  frosted  nppearRDce,  and  re- 
quire to  he  poUshed  or  burnished.  A  small  quantity  of 
biaulphido  of  cftrboii  in  the  bath,  however,  causes  the 
deposit  to  assume  the  lustre  of  the  polished  metal. 

The  extent  to  which  eJecLrotyping  haa  come  to  be  ap- 
plied in  the  arts  may  bo  appreciated  from  the  fact  that 
in  the  publishing  establishment  of  Harper  and  Brotbera 
books  are  now  altogether  printed  from  copper  electro- 
type casts  of  the  type  and  wood-cuts,  the  type  them- 
Belves  being  only  used  in  printing  the  proofsheeta,  Aa 
a  consequence,  typography  is  greatly  improved. 

The  electricity  developed  by  fnclional  mean.'^,  such  as 
the  plate  macJiine,  can  produce  effects  siniiiar  to  those 
of  Voltaic  corabin.ations ;  the  quantity  that  is  required 
is,  however,  vury  great.  Faraday  est.iniat.cs  that  800,000 
discharges  irom  a  Leyden  battery  of  3500  gqnare  inchea 
of  surface  would  be  required  to  decompose  a  single  grain 
of  water,  yet  every  discharge  would  be  competent  to  kill 
a  small  animal.  The  difference  between  the  two  i.s.  that 
■ivhile,  in  the  Voltaic  action,  the  quantity  is  great,  the  in- 
tensity is  hut  small,  while  in  the  electrieily  of  the  ma- 
chine the  I'everae  is  the  case. 


How  EDnv  casta  of  meilatsbo  enployi^il?  From  what  soliitioa  is 
silver  (leposited?  Fforn  what  MluCjoE  flold  ?  Whnt  is  tha  npppiir- 
onua  {.•{the  mctiil  nt  (Lrst  ?  Of  what  use  is  plccfnityjiing  in  fjriiiting? 
Wlifit  is  the  (litTorciicc  between  frictionn]  Htid  Voliaic  c.Ww\cwjt 
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An  inatrumeat,  the  Voltameter,  was  iDventetl  by  Far- 
aday foi'  measuviiig  quantities  of  V&ltaic  electricity.  It 
a  repreaeuted  iu  ^i'^.  133.   It  consists  of  a  g\a.ss  Jar, 


Fig.  IM. 


ab,  filled  Tvith  dilute  Bulphnrie  acid,  Yrom  its  nect  s 
tube,  c,  conveys  the  cliaengageil  gn.ses  to  a  graduated 
jar,  d.  Through  the  bottom  of  ft  6  two  wires,  connect- 
ed witli  platinum  plates,  pass.  By  meana  of  mcrcury- 
cups  connection  can  be  luade  with  the  battery  to  dg 
meaaiH'ed,  and  the  amount  of  the  evolved  gases  regis- 
ters tlic  quantity  of  electricity  produced. 

With  a  given  auionnt  of  metallic  surface,  wo  can  pro- 
duce Voltaic  batteries  having  different  qualities.  Thus, 
if  we  take  a  square  foot  of  copper  and  a  square  foot  of 
zinc,  and  place  between  them  a  piece  of  wet  cloth,  wo 
Bha.ll  have  a  battery  which  can  not  give  ahoelia  nor  ef- 
fect the  decomposition  of  water,  but  which  will  cause  n 
(ine  metallic  wire  to  become  white-hot  or  even  to  fnse. 
If,  again,  we  take  a,  square  foot  of  copper  and  n  square 
foot  of  ainc,  and  cut  each  into  144  plates  an  inch  sqnaTe, 
and  arrange  them  with  siniihir  pieces  of  doth  as  a  Vol- 
taic pile,  the  instrument  will  give  shocke  and  decompose 
water  rapidly.  From  the  same  quantity  of  metal  two 
diffei-ent  species  of  battery  may  be  made,  one  consisting 
of  a  few  plates  of  large  Eiirfaco,  or  one  of  a  great  num- 
ber of  aUernations  of  small  plates. 

Of  these  varieties  of  hatteiy,  the  oaloriraotor  of  Dp. 
Hare  is  an  example  of  the  first.    It  consists  of  a  series 


I>escribc  tha  Voltaraetcr-  Ho^v  may  a  Riven  Harfaco  of  metal  pr*v 
iuco  baitcrioB  of  dilFereni  qualiticx  ?    What     Ilnrs'a  (.'alurimQlor  ? 


OHu's  tusokt. 
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of  7.iuepIatG3  all  connected  tog;cthcr,  mid  a  scfies  6(  cop- 
per also  einiilnrly  connected,  instituting  lliercforc,  in 
reality,  a  single  pair  of  very  large  surface.  The  great 
Rmouot  of  heat  evolved  by  this  apparatus  ie  ila  p qcu- 
liarity. 


LECTURE  XXXn. 

Oasi's  TiifiORT  OP  THE  Voltaic  Pile. — Electromotive 
^oroe  tind  Htgistance. —  General  if/ip  of  the  I'}/rce 
of  the  Currc^it. —  The  Rhtustat. —  Conductivity  of 
Boliils  and  Liquids. — Maj;nktis3i. — Phenomena  and 
iatca  of  Magneiia  Induction. — Impartiiuj  Qf  Mag- 
netism.—  Electro  -Magnetism.— Omtora  TJiscoa-  - 
eries. —  7/ic  Galvanometer.  — Electric  Jlotations. — 
£!lectro- Magnets. —Morse's  Tdcgrapk. — Maginctiam 
and  Diamaynetism. 

The  phenomena  of  the  clectrio  current  are  accountod 
for  by  the  aid  of  an  hypotkesia  of  which  the  following 
i3  aa  exposition : 

Ohm's  Theoey  of  the  Voltaic  Pile. 

lat.  By  ELECTnoMOTivE  Force,  we  inide-rstand  the 
causes  ivhicli  give  rise  lo  the  electric  current;  ibis,  aa 
we  havG  explained  in  the  simple  circle,  is  the  oxidation 
of  the  Kitic. 

2d,  By  Resistance,  we  mean  ihe  obstacles  wliich 
the  current  has  to  encounter  in  the  bodies  through 
Vhieb  it  passes. 

When  we  affect  the  electric  current  in  any  portioa 
of  its  path,  either  hy  varying  the  electromotive  force 
or  changing  the  refistances,  we  simuUaiieoualy  aftbct  it 
througtioiit  the  whole  circuit,  bo  that  in  a  given  space 
of  lime  the  same  quantity  of  cloctvicity  passes  througU 
each  transverse  Bectioii  of  the  circuit. 

In  any  VoUaio  circle,  einiple  or  compound,  the  force 
of  the  current  is  directly  proportional  to  tlie  sura  of  all 
the  electroraotivo  forces  which  are  in  activity,  and  in- 
versely proportional  to  the  Eum  o-f  all  tiie  resistances; 
that  is  to  say,  the  foroo  of  any  Voltnie  cnrrent  is  equal 

What  is  mcnnt  hy  electromotive  foice?  Wlmt  is  niouni  Ij  rt- 
■iftlnacc?  In  nlTcctinf  one  pai't  of  n  cni'rciit,  Jo  ivc  nffecl  llic  rvavl 


ohm's  theory. 


to  the  sam  of  all  tlic  electromotive  forcoa  divided  by- 
all  tho  resistanues.  Tlie  resistance  to  conductiou  of  a 
metal  wire  is  directly  as-  its  length  and  inversely  as  its 
BEGtioTi  i  that  is  to  say,  the  longer  the  wire  is^  the  great- 
er iti^  resistance ;  and  the  thicker  it  is,  the  less  its  re- 
siataucc. 

If  WG  augment  or  diminish  in  the  same  pro|iortioii 
the  electroniotive  forces  and  the  resistances  of  a.  Vol- 
taic circuit,  the  force  of  the  current  wilt  remain  the 
same;  if  we  increase  the  electromotive  force,  the  forcei 
of  the  cnrrent  iuereases;  jf  we  Increase  the  resistance^ 
the  force  of  the  current  diminishes. 

If  in  two  Voltaic  circles  of  equal  force  the  eame  re- 
aiBtance  be  introduced,  the  forces  of  the  currents  may  be 
enfeebled  in  very  different  proportiona ;  for  the  newly^ 
introduced  resistance  may  in  ono  of  the  circles  bear  a 
great  proportion  to  the  resistance  alro.iely  existing,  and. 
in  the  other  a  very  insignificant  proportion. 

Ths  folio iving,  therefore,  is  the  general  law  which  de- 
termines the  force  of  a  Voltaic  circuit : 

l3t.  The  electromotive  force  varies  with  tbe  rnunher 
of  the  elera.ents,  the  oatui'o  of  the  metals,  and  of  the  li-q- 
uids  which  coostimte  each  eleraent,  but  it  does  not  ill 
any  manner  depend  on  the  dimensions  of  their  parts. 

2d.  The  reaistauce  of  each  element  of  a  Voltaic  oil-- 
cuit  is  directly  proportional  to  the  distance  hctween  tbe 
platGs  as  occupied  by  the  liquid,  the  resistance  of  the 
li'^uid  itself,  and  the  length  of  the  polar  wire  connecting' 
the  ends  of  the  circuit;  and  invei'sely  proportional  to 
the  surface  of  the  plates  in  contact  with  the  liquid,  and 
to  the  section  of  the  connecting  wire. 

3d,  The  force  of  the  current  is  equal  to  the  electro- 
motive force  divided  by  the  resistance. 

The  instninient,  M't/.  13-1,  serves  to  illustrate  the  ro- 
eistance  imposed  Iiy  diifcrent  metals  in  a  Voltaic  cnr- 
rent, and  to  demonstrate  th.itheat  lessens  the  conduct- 
ing power  of  a  wire.  It  consists  of  a  Voltaic  battery, 
the  terminal  wires  of  which  go  to  a  brass  stand,  where 

Wllttt  is  (he  Uw  of  rBBialiLTico  in  a  wire  f  How  docs  the  foreo  of 
a  cnrrent  clinnRe  with  clinngea  in  the  clcclromotivo  force  and  the 
reBistnnpc?  When  n  new  resistance  is  introdiiccrl  inio  two  cirelea, 
must  ihey  hn  nffecled  nlike?  Gii-o  tl'o  gencrnl  iaw  of  tJieforci)  of  a 
circuit.    Wiiot  doc?  I  Ur  apimrnliis  Fiir.  134  illiifilvatc  ? 
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tliey  are  connected  by  a  tliin  spiral  of  platinum  wire. 
As  tlie  current  passes,  tlie  platmum  spiral  is  caused  to 


Fi^.  134. 


gloy.  Oqg  of  the  terminal  wires  is  of  platinum,  anil 
this,  too,  is  raised  to  redness.  If  now  that  wire  be  grad- 
ually immersed  in  a  vessel  of  water,  W,  so  as  to  Lb  re- 
duced in  temperature,  more  electricity  will  pass  througb, 
SB  is  shown  by  the  fact  tliat  the  platinum  spiral  becoraea 
more  untl  more  intensely  ignit^cl,  and  may  even  te 
fused. 

Wheatstone's  KheOatftt  is  a  COutrivanco  for  increasing 
the  resistance  in  s  Voltaic  circuit.  It  consists  of  coils 
of  fine  wire  arranged  inlengtlis  of  liundreda  of  feet,  andl 
of  which  one  or  more  can  be  introduced  into  the  circuit. 
Some  one  combination  is  nsed  as  a  standard,  and  others 
are  compared  witli  it  by  the  aid  of  the  deflections  of 
a  galvanometer,  the  number  of  feet  of  wive  necessary 
to  reduce  the  deflections  to  the  same  aniouut  being 
noted . 

The  following  tables  exhibit  the  conducting  power 
of  solids  and  liquids: 

Wlint  cHi^ct  lias  heat  on  Ihe  passage  a(  a  Oarrent?  Describe 
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uaunetism:. 


Silver   lOO 

Copper   77 

Sod  i  lira   87 

AlumimiJin ...........  33 

Maf^ncsiam   25 

Calcium   23 

Polassinm   21 


LithiQin   19 

Iron   14 

PallBdinm   12 

riHiinum   10 

Sironiium   T 

Mercury   1,6 

Tclluriara  0008 

I 


Saturated  Solution  of  Sulphnto  of  CoppOr  „, 

(diluted  with  an  eqnnl  bulk  of  Water)   .fit 

(    "       "  twice  its  bulk  of  Wnter;   .44 

C    "       "  four  times  its  bulk  of  Water)   .31 

Distilled  Wftter   .0025 

PlstinumWire   2,600,000 

Magnetism. 

Many  centuries  ago  it  was  discovered  that  a  certain 
ore  of  iron,  which  now  pasacs  under  the  namo  of  the 
magnet  or  loadstODC,  poascBBes  the  remarkable  quality 
of  attracting  pieces  of  iron.  Subsequently  it  was  found 
that  tEie  same  power  could  be  communicated  to  bars  of 
Eteel  by  methods  to  be  described  hereafter. 
Fiir.  IBS.  Bars  of  steel  so  prepared  pasa  under  ibe  name 
of  artificial  magnets;  when  they  are  of  small 
size  they  are  commonly  called  needles.  A  mag- 
netic bar  bent  into  the  shape  represented  in 
-Fi^ff.  135  ia  called  a  horse-shoe  magnet ;  an^ev- 
ei'al  magneta  applied  together  take  the  uame  of 
compound  magnets,  or  a  bundle  of  magneta. 

The  Chiuese  discovered  that  when  a  magnetic 
needle  is  poised  on  a  pivot,  aa  at  G,Fig.  136,  or 
floated  on  water  by  a  piece  of  cork,  that  it  spontaneons- 
Fir/.  iM.  ly  takes  a  direclion,  north 

^  and  Boulb,  and  if  purpose- 

3  ^  II  ly  disturbed  ironi  that  po- 

eition,  it  returns  to  it  again 
after  a  few  OBeillatioDs. 
To  that  end,  N,  which 
points  toward  the  north, 
the  name  of  north  pole  is 
given;  tho  other,  S,  ia  the 
sonth  pole. 

By  a  needle  eo  suspended  the  fundamental  fact  of  the 

Whnt  is  the  relative  eondnrting  povrer  of  ihe  metals?  Whnt  nra 
the  propcities  of  a  magnet?  "What  ia  its  efiect  on  Hlccl?  Describe 
tbc  profiertieB  of  llie  iDSBnetic  ooedlc. 
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be 


attraciion  of  a.  mag^net  for  irao  is  rerified. 
mass  of  iron  to  «Wiker  cxtrenuty  of  UteaccJle, 
needle  iustaatly  motes  to  meet  it.    If  ~ 
brought  iieur  a  nait  or  a  man  of  uoa  filin^v 
will  be  suspended. 

that  these  effects  take  pbiee  throw^ 
and  solid  mid  liquid  substance  geaenlhr,  may  Im 
established :  A  ijuautity  of  iron  Klingm  beiiig  iaH.  ■ 
piine  of  glas:?,  if  a  luagn  ct  be  *pirraiicb«d  1i  1 1  il  h.  th* 
iilings  follffw  its  InoMo^'^ ;  bat  if  s  pbl«  of  iraa  iaicr- 
vene,  the  magneti'i:  in.i1iien«e     almost  wholly  cat 

The  power  of  a  magnetic  barb  not  equl  ia  |m*1a. 
There  in  a  point  situated  new  ebdi  end  whicti  seeaH  la 
be  tho  iocns  of  actvoa.  To  th«««  points  iW  nuic*  «f 
poles  are  given,  sod  t)ie  line  joiuiiig  UKia  t»  called  the 
axis. 

If  abar  mngnet  bcroUed  In  F>-iir. 
iroa  filirigs,  tliey  attitch  them- 
Belven,  for  ilie  most  pan,  al  ■S?*' 
the  two  polea  d  d,  Mfj.  137  ; 
or  if  siicfi  a  bar  be  filaced  uodcr  s  sheet  of  |i«ct«bowd 
on  the  fiiirfacG  of  which  iron  filings  are  doaCM,  ihqr  w> 
range  ihemsclvca  ia  curved  lines,  m  shon  ia  1^ 
whinrh  are  ayniinet^  ^ 
rically  situated  sa 
respects  the  poles 
PP. 

When,  instead  of 
presenting  to  a  en.-- 
pended  needle  ^ 
piece  of  ii-on,  w.- 
present  to  it  ari- 
olher  inagnpt,  plie- 

noineua  of  repui-   

sion  as  well  as  of  attr                                       '  po*» 
ofoue  be  presented  t/j        i.      .  ;  .  '^r, 
pulsion  takes  place,  Jind  tlie            occon  if  l«o 
poles  are  ijresented ;  but  tf  it  be  a  newtii  u>d  Mali*  peK 
then  aliraclioD  takes  pl:iR«.   


the  foci  of  ru-ii™  in  a  msgnM  7    Wk««  «•  ««■€  * 

tm  in  iraa  filioer  ? 

H 
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■Bimnlp^f  gronpea  n.^e^nti-  iinm-i-  me 

e  law,  '■'Zi/ce poks  repd,  and  unlike  ones  attract." 
otino^-''**     LlicreHire  an  aiiingoiiizalioii  of  cllect  between 
-nfll^'"^^  magnetic  poles,    ir  v.  key  be  suspended  to  a 
-DoU  e  ^      ^\on\i  pole,  on  the  approach  of  the  aouth 
a      01  oiic  of  equal  force  it  drops  off. 

examine  the  force  of  a  magnet,  comraencinj  at 
,  itg  poles  and  going  toward  its  centre,  the  in- 

Msity  gradually  decliiiea:  it  ceasea  altogetLer  about 
miaway  between  tlio  poles.  Tlila  point  is  termed  the 
P°l"*  °''  ''.'"^  ofmagnelio  indiflerence. 

■'^^i^Sietism  mny  be  excited  in  both  iron  and  steel;  in 
the  forniei'  with  greater  rapidity,  in  tfie  latter  more 
sloivly.  The  mn-guetism  whiuh  soft  iron  li.is  received  it 
instantly  loses  ou  being  removed  from  tlie  source  ivbioh 
bas  given  it  magnelitin],  but  steel  retains  its  virtue  per- 
niMcntly,  Soft  iron  is  ihoi'cfore  trauaieiitly,  hni'd  steol 
penmincntly  magnetic. 

"\yhen  a  mass  of  iron  is  iu  contact  with  ibe  pole  of  a 
magnet  it  obtains  niagnetiaiii  throtighont  its  whole  mass, 
and  can  in  the  same  manner  coiuniunicale  a  similar  qual- 
ity to  .1  second  mass  brouglit  in  contact  with  it,  and  this 
to  a  third,  and  so  on.  Thus,  if  fi-om  llie  pole  of  a  mag- 
net a  key  be  suspended,  this  will  suspend  a  second,  and 
that  a  third,  etc.,  until  ibe  iveight  becomes  too  great  for 
the  magnet  to  bold.  If,  having  two  or  three  keys  thus  sus- 
pended, ive  take  bold  of  the  iip]jermo5t  and  genily  slide 
away  tho  magnet,  the  moment  it  is  removed  the  keys  all 
fall  apart,  showing  the  aiidden  loss  of  power  in  soft  iron. 
Fis.uTt  A  mass  of  iron  can  receive  mnguetism  at  adis- 
taiice  from  the  magnet  itself.  To  this  phenoniG- 
iion  the  name  o( induction  is  given ;  and  this  dis- 
tance through  which  this  effect  can  take  place  is 
called  the  magnntic  atmosphere.  The  general  ef- 
fect of  induction  may  be  exhibited  by  bringing  a 
powerfii]  magnet  near  a  large  key,  as  in  F/ff.  1 39, 
when  it  will  be  found  that  the  large  key  ivil!  sup. 
port  smaller  ones;  but  aa  soon  as  It  ia  removed 

What  is  ibc  low  ormnRiictic  aitraction  nnd  rcpnlsiou?  IVliut  U 
'he  point  or  macneiic  indiit'erenca  ?  Whnl  is  tine  liiffcrence  ^*t\vccll 
itiG  magtiEfism  ti{ ■fofi  iron  ami  bipcI  ?  Wlifll  rt'siilta  nn  bpinging  irnii 
in  cnninct  i%-itli  n  mngnci?   Wliat  ia  induced  niBgnetisin?  Enplnin 

lUo  tenn  magnetic  nlmosphore. 
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magnet  these 


all  (If 


Fip.  IW, 


S' 
3 


S" 


from  tlie  influence  of  the 
off. 

When  magiielism  is  tlius  inducetl  by  llie  action  oi'a, 
given  pole,  that  end  of  tlie  disturbed  body  whicli  ia 
Dearest  to  t]ia  pole  Las  .m  oppos-ito  polarily,  but  tlie 
fartLeat  end  has  the  same  polarity  as  tbe  disturbing 
pole. 

Tlie  force  of  magnetic  nctioji  varies  with  tho  diRtfiiice, 
It  haa  been  proved  by  Coulomb  aud  others  tLat  the  in- 
tensity of  luagnelio  acLion  ia  iin'ersely  proportiooul  to 
tho  squares  of  tlie  distance.  At  twice  a  given  distance 
it  is,  therefore,  one  i'oufth,  at  lliree  ttmes  a  iiiutli,  etc. 

Both  magnetic  polarities  must  always  siraiiitaneoiisly 
oeotir.  We  can  uever  Iisve  north  magnetism  or  fioiilh 
Tii^grietisiii  alone.  Thus,  if  we  tiiko  a  longniaguel,  M  S, 
Mff.  140,  and  break  it  in  twoj  we  Bhall  not  insulate  llie 
north  ])olarity  in  one 
halt'  and  the  soqUi  in 
the  other,  but  each  of 
the  broken  inngnets 
■will  be  pci'fect  in  it- 
self, having  two  poles, 
one  fragment  being  N'  S',  and  the  other  JJ"  S". 

Wlien  the  poles  of  a  magnet  are  polished  and  cover- 
ed with  smooth  plates  of  iron,  the  magnet  is  Kaid  to  be 
armed.  The  piece  of  soft  iron  which  passes  I'rom  pole 
to  pole  of  a  horec-shoe  magnet  is  called  a  keeper.  Tiio 
power  of  a  mngnet  is  measured  by  the  weight  its  poles 
arc  able  to  carry. 

There  are  many  ways  in  which  magnetism  can  be  im- 
parted to  needles  or  steel  bars,  as,  for  example,  by  con- 
tact,by  induction, by  certain  movements.  By  the  aid 
of  Voitaic  currents,  hereafter  to  be  described,  the  mosti 
intense  magnetic  power  can  be  communicated. 

The  process  of  magnetization  by  the  single  touch  is 
that  in  which  we  place  one  pole  of  a  magnet  in  the  mid- 
dle of  n  steel  bar  find  draw  it  toward  the  end  ;  then, 
lifting  it  up  in  the  air,  return  it  to  its  former  position,  and 
repeat  the  movement  several  times.   The  magnet  is  now 

"Wlint  is  the  Inw  of  ilcfrraae  of  magneiic  action  ?  Can  we  i-wltiia 
flotlli  orsoiiili  uinEnf'isitt  ?  How  )a  n  jnagnet  nmied  ?  How  is  mag- 
netism  coraninnicnled.  to  a  steel  bar  ?  Desnribc  the  process  l>v  sin- 
gle toucb. 
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to  be  reversed,  and  in  that  pOBition  moved  to  the  oppo- 
site end  of  tlie  bar,  lifted  up  in  the  air,  replaced,  and  the 
movetuent  many  times  repeated,  The  bar  thus  bt^comes 
a  magnet,  each  end  having  a.  pole  opposite  to  that  by 
wliicti  it  was  touched.  Or  wo  may  place  two  inag"neta 
with  tlieir  opposite  ends  in  the  middle  of  llie  bar,  and 
theu,  drawing  tliera  npart  in  opposite  directionB,  the 
same  result  arises.  A  still  mora  powerful  magnetism 
may  be  given,  if  tho  bar  to  be  raagnelizcd  is  laid  on  the 
poles  of  two  magnets,  bo  that  the  coiiirary  poles  of  the 
magnets  and  bar  coincide. 

In  the  double,  touchy  two  bai-  magnets  are  so  lied  to- 
gether that  tboir  opposite  poles  may  be  maintainod  a 
short  distance  from  one  another.  This  combination  is 
theii  placed  on  the  middle  of  Uic  bar  to  "be  magnetized 
and  di'awn  toward  ita  end ;  but  an  soon  ag  it  reachea 
that  without  passing  over  it,  it  is  returned  to  tho  other 
end  with  Ji  re\-erse  motion  and  then,  back  again ;  and 
after  this  has  been  done  several  times,  the  process  is 
euded  by  drawing  the  combination  off  sideways  wbeu 
it  is  at  the  middle  of  the  bar. 

The  magnetism  of  a  bar  is  reduced  by  percussion, 
Bcratching,  or  liling,  and  by  best  a  eteel  bar  may  be  to- 
tally demagnetized.  So,  too,  a  mass  of  iron,  if  rained 
to  redness,  becomes  indifferent  to  the  presence  of  n  mag- 
netic  needle,  though  on  cooling  it  is  as  active  as  ever. 

Op  ELBtTTBO -Magnetism. 

In  1819  it  was  discovered  by  Oersted  th.at  if  a  mag- 
netic needle  be  brought  into  the  neighborhood  of  a  wire 
along  which  an  electric  current  is  passing,  the  needle  ia 
at  once  distnrbed  from  its  position,  and  tends  to  set  it- 
self at  right  angles  to  the  wire.  If  there  be  an  electric 
current  moving  in  the  direction  A  B,  Fig.  141,  in  a 
wire,  and  directly  over  the  wire  and  parallel  to  it  there 
be  a  suspended  needle,  as  soon  as  the  current  passen  tho 
needle  is  deflected  from  its  position,  .ind,  if  the  cnrrent 
be  sufficiently  powerful,  comes  at  right  anglea  to  th« 
wire,  The  direction  in  which  the  transverse  motion 
lakes  place  depends  on  the  relative  position  of  the  nee- 

Dcscribo  inafiiptiiinB  I"?  donhle  toacli.  How  Hiay  mnBneiistn  Im 
roduccdf  Doscribc  what  occurs  on  brinfiiiiE  necillc  Jicnr  n  cmi- 
ducting  wire.  How  do«B  the  poeuion  of  ihc  ui^otlle  nflecL  Ills  result  ? 
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Fig.  141. 

A. 


die  duel  tlio  wire.  Thus,  Ist,  if  t!ie  wire  be  atovo  tta 
jiccdic  and  parallel  to  it,  the  pole 
next  the  negative  end  of  the  bat- 
tery moves  westwai'd;  2d,  ii"  the 
wire  be  beneath  the  needle,  it  will 
move  eastward ;  3d,  if  the  wire  be 
on  the  east  eide  of  the  needle,  ibe 
polo  is  elevated ;  4tb,  if  on  the 
west,  it  is  depressed.  In  all  these 
posiuons  the  tendency  is  to  bring 
the  need  le  at  right  angles  or  traos- 
verse  to  the  wire. 

It  fgllows,  from  these  facts,  th  at 
if  a  inagnetio  needle  be  placed  ia 
the  interior  of  a  rectangle  of  wire, 
Ji'ig.  142,  through  which  a  eiirreiit 
is  made  to  flew,  all  the  portions  of  the  wire  conspire  to 
move  the  needle  in  ilio  jjj 
srnue   direction.    Thi.-  ~ 
efiect,   iherefove,  bc- 
comea  much  gL'calur 
than  in  the  case  of  a 
single  continuoua  wire. 

On  the  same  princi- 
ple, if,  instead  of  a  sin- 
gle turn,  the  wire  is  re- 
peatedly coiled  upon  itself,  aa  at  adda,  3^ig.  143,  so  as 
to  make  a  great  many  turns,  fvs.  "3. 

the  effect  upon  the  included 
needle,  n  s-,  is  greatly  in- 
creased; and  when  the  nee- 
die  is  mude  nearly  astatic, 
that  is  to  Bay,  its  tendency  to  point  nortli  nearly  de- 
stroyed, by  arranging  it  upon  an  axis  wilh  another  nee- 
dle similar  to  it  in  all  respects,  but  witli  its  poles  Ve- 
versed,  as  N  S,  s  n,  Fig.  144,  the  directive  t'end<fticy  of 
the  one  needle  neutralizing  the  otber,  but  both  tending 
to  turn  in  the  same  direction  by  the  current  in  the  coil 
of  wire,  innsmtiuh  ns  one  is  within  the  coil  and  the  oth- 
er above  it,  the  arrange nieiit  forms  a  most  delicate 
raefiDB  of  cliscovenng  and  measuring'  an  electric  current. 
It  is  called  a  galvanometer, 

What  ia  Iho  eSbct  on  a.  needle  in  tho  icUniun  a  ■stcVsa'd'i*- 
Wlint.  is  Ibe  princijijgj  of  ihe  BnlTRTiflmWctl 


As  action  and  i-eaclion  are  always  equal  and  contrary, 
it  is  obvious  tliat  it'  n  condiicling 
wife  be  movable  and  lUe  magnet 
stationary,  the  latter  can  bf*  madG 
to  impress  motions  on  the  former, 
CoaJHcuiig  wiceg  may  be  matte 
to  revolve  around  the  polos  of  a 
magiiot,  or  the  pole  of  a  magnet 
around  a  contiiicting  wire.  Thus, 
in  a  glass  citp,  J-lff.  145,  lut  a  mag- 
net, n,  be  fixed  vertically,  and  tlie 
cnp  filled  Tivitli  mercury.  By  means 
of  a  loop,  a,  let  a  conducting  wire,  ft, 
be  snspended,  having  perfect  free- 
dom of  motion.    If  an  electric  cur- 
rent is  made  to  pass  down  this 
wire  through  llic  mercury  and  es- 
cape by  llie  path  d,  tlic  wire  rotates  round  the  pole  ii  aa 
Piff.  ijs.        long  aa  tlie  current  piiKSCS.    From  this 
and  Biiiiilar  experiinents  it  therefore  ap- 
pears that  the  force  exerled  between  a 
conducting  wire  and  a  nnignet  is  not  a 
direct  attractive  or  re]Milsive  power,  but 
one  continually  teiidiug  to  turn  tha 
movable  body  round  the  Ktationary  one, 
deflecting  it  continually  and  acting  in  » 
tangential  direction.   Heuec  it  is  some- 
times upoken  of  as  a  innnential  force, 

If  round  a  bar  of  soft  iron  a  conduclp 
ing  wire,  covered  over  wiLh  Bilk,  be  spi- 
rally twisted,  3s  iu  J^i'g.  14G,  wliecever 
/^~\*  an  electric  current  is  passed  the  iron 

I  becomes  intensely  magnetic,  and  loses 

"■^  its  magnetism  as  soon  as  the  eurrent 

stops.  A  bar  an  inch  in  diameter, 
bent  so  aa  to  represent  a  horseshoe, 
.F/y,  147,  witb  a  wire  covered  with 
Bilk  for  the  pnrposie  of  eeparnting  its 
euccsBsive  strands  from  each  other, 


On  llic  snmo  jii'inciples  aia  the  wire  he  mniie  lo  move?  Desctibo 
u  aitihod  of  shuwing  irotntion  of  a  wire  ri)and  tho  pok  of  n  mntrnet. 
Wlifti  ii  tlie  natarc  of  iho  force  -exericd  Ltiwmi  a  condiietine  wira 
nnii  n  mngnel?  Describe  Ibe  eonstvuclion  and  proporlieg  nf  a 
Btraight  clpoiro-niflgnei.    nescriln?  tlie  hnrre-flioe  PlBPiro-mnenct. 


TUK  T£LE»RAPII. 
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may  matle  to  give  vise  to  veiy  striking  results. 
Prol'essof  Henry,  by  a  modification  of  fj,,,  m, 
the  conducting  wire,  siiececded  iti  im- 
parting' so  intense  a  degree  of  niiignet- 
istu  to  a  piece  of  soft  iron  tli.it  it  could 
support  more  than  n  ton  weight.  If  uii* 
flcr  one  of  these  Electro-Magniits  a 
tlialiful  of  small  iron  nails  bo  hckl,  tlie 
moment  the  current  passes  tbo  nails  ari,i 
all  altracledi  and,  while  they  are  lield  by 
its  poles,  may  be  moulded  by  the  hniiil 
in  various  shapes,  but  as  soon  as  the  cuv- 
renc  stops  ibcy  all  fnll  off. 

It  is  upon  this  principle  of  ])l'oducilig 
temporary  magBelisin  by  an  electric  cur- 
rent that  Morse's  electric  telegr;ip!i  dc- 
penda,    lu  Ffff.  148,  vt  m  ia  au  eleclro-mngnet,  with  ita 


P 
a 


poles  npvrird.  The  Tvircs,  "WW,  from  t!io  distant  Ktn- 
lion  induce  magnetism  in  it,  ami  draw  down  llie  soft 
iron  keeper,  a.  At  the  sume  time  tho  clook-work,  f^,  ia 
set  goiii£f,  and  a  strip  of  papei",  ^  Es  dniwn  steadily 
forward  in  the  direction  of  the  arrows.  "Whenever  a 
current  passes,  fknd  the  keeper  a  dt-prossud,  the  point* 
is  forced  upward  arrainst  the  tiiovinE;  paper.    If  tlio  citr- 

■What  is  iho  coastraciioH  of  Morsj's  (etegnipli  7 
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rent  i*  bnt  momeDtary,  a  dot  only  is  made  od  the  p»- 
L]>er,biEt  if  it  continue,  a  line  is  formed.    Morse's  tS< 
I  gr^Hae  alphabet  cODiii-ts  of  a  eet  of  such  dou  and  Lim 
.  wbtcb  by  vorietl  grooping  represeot  the  wiou  tett* 
[mmI  fif^r^.    Eiperienced  operators  do  doI,  however, 
I  Telfair e  the  paper  strip,  but  ieatb  to  dtstingui^li,  hy  tlie 

eliciting  soand  ofihete^p-  . 
er  hliiag  on  llie  magnet, 
what  the  traiisiiiUted  oies- 
Eage  is. 

When  diferent  sab- 
stances  are  suspended  be~ 
ttreeii  the  polar  terminftrj 
tions  of  a  horse-shoe  eleo- 
tro-magnet,  in  the  magnet- 
ic field,  as  it  b  t£rnied,  it 
13  found  that  some  arrange 
themselves  from  pole  to 
pole — that  is,  axiaffy,  and 
others  transversely  to  that 
posiiiou^eqtiaioriaSi/.  The 
former  are  call  d  magnet- 
ic, and  the  latti^r  diamag- 
netic  bodies.  In  J^y,  149, 
is  a  bar  of  bismuth, 
which,  being  diamagnetic, 
has  arranged  itself  cquatorially  heUveen  the  poles  of  the 
elertrn-mignet,  N  S.  It  is  Euspended  by  a  fibre  of  nn- 
Kpnn  liilk,  >:,  bo  as  to  turn  freely.  The  following  table  is 
n  list  of  mngnclic  arid  diama^etie  bodies,  tliose  at  the 
beginning  having  the  properties  most  Btronsfty  marked : 


3fafff telle  Jiodies. 


Iron, 

Nickrl. 
Cobnii. 
Miingftncse. 
Oiiromi  iim. 
Ccri  11111. 
Tilniiiiiiii. 


Pal  Indium. 
Cmwn.  Glass. 
I'lntinum. 
Oamium. 


J}ianiagne(if  Sorlies, 
Bi^TTKiih!         Flint  Glass. 


Phosphorus. 
Aniiiiiony. 
Zinc. 
Tin. 

Call  I  mi  QUI. 


MercQry. 
Lend. 
"Wood. 
Beef. 

Etc. 


T!>c  diniiingnctiRin  of  gasca  wn.s  slioivn  by  Faraway  by 

\»  xho  |Hiper  slri])  Bueetaur)^  Wlmt  ore  mngnetic  nnJ  dinmnj;- 
noilo  tjuiiieii?    Dcgci-jbc  P>3-  HO.    Hgw  did  Farndny  shorn  tlie  din- 


TUX  lUAGNKnC  FIELD. 


Ill 


tha  aid  of  tlie  apparatus,  J^ig.  150.    A  tube  conveyed 
tbe  gas  to  be  exatniiied  into  tho  Fis.nn, 
jiiagneiic  fidd.   Above  it  tiireo 
other  tubes  wore  arranged  bo 
that,  tmdei"   ordiuaiy  circnm- 
Btances,  the  gas  passed  into  tlic 
middle  one;  tut,  when  the  iron 
was  magnetized,  if  tlie  gas  w«rc 
diaraagrietic,  it  passed  into  ihe 
eid-e  tubes.    The  pasaago  iv.is 
sliown  by  placing  a  little  sin- 
inonia  in  the  lower  tiib^,  and  strips  of  pnper  luoiHtened 
with  hydrochloric  add  in  the  others. 

A  taper  biirning  in  the  niagiielic  Held  has  its  flame 
Spread  out  eqaatorially,  and  l}io  flame  may  even  be  di- 
vided into  two  parts.  The  Eaine  body  may  te  caiteed 
lo  become  eith.er  magnetic  or  diamagnetic,  by  changing 
tho  niGdium  by  which  it  is  surrounded.  Maguelism 
also  exerts  an  influence  on  polarized  light  transmitted 
througb  certain  transparent  bo>dic8,  Tliis  may  be  show  n 
by  placing  them,  while  under  examination,  in  the  ninj^- 
netic  field.  The  beam  is  caused  to  rotate  to  on  extent 
whidi  (lepcnds  on  the  natnre  of  the  body  and  the  inten- 
sity of  tlie  magnetiKin. 

If  a  copper  cylinder,  filled  with  fasible  metal, 

be  80  arranged, 
by  tho  .aid  of 
the  band  S  S,  aa 
to  rotate  rapiil- 
ly  in  the  nint;- 
nstic  field,  the 
resistance  to  its 
motion  is  so 
great  tlint  it  will  Mcni  lo  be  grnsped  by  an  invisible 
band.  On  continuing  llie  rotaiion  for  a  few  minutes, 
the  heat  developed  will  bo  Fufficitnt  to  rnelt  the  con- 
tained aUqj",  which  may  be  poured  ""t  npon  the  table. 

"What  is  the  effect  gn  n  taper  in  tlia  niBgnciic  field?  How  jaay 
the  effect  of  maRuElism  bnj  liemooatraBd  pwlariied  light?  Da- 
scrilw  ilie  experiraeiit^  Fig,  151. 

H  2 
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LECTTJRE  XXXm. 

Electro -Dynamics. — Atnj'h'e's  Discover^/.— Properties 
of  a  Helix. —  Cause  of  MugneUsm. — faradafs  Dis- 
covery ofMa(f?ietie  Mleetricity. —Magnetic  Machines. 
— Miihinkoi'^" s  Coil. —  Geissler's  Tubes. — Thersio- 
Electbicitt. — Froducdoji  of  SHectriciUj  by  Heat, — 
Thermo -Elictrie  I'iles. — J^el/onCs  Pile  ami  7'her- 
mometer. — I>ruper''s  Improvements  in.  Thermo-elec- 
tric Pairs. — AsiiiAL  ELECriuciTr. — The  Torjjedo. 

Soon  after  tho  relation  between  electricity  and  mag- 
netism was  established  I>y  Oersted,  Ainpfere  discovered 
tbat  there  are  reactlona  Letween  the  currents  them- 
selves. Two  electric  currents  flowing  in  the  same  di- 
rectiou  attract  each  other,  but  two  eleetvic  currents 
flowing  in  opposite  directions  repel.  "Liko  cnrrenta 
attract,  uulike  onea  repel." 
If  a  conducting  wh'o,  a  b.  Fig.  152,  be  bent  in  the 

form  ol'nhelix, ns, 
its  ends  retntning 
toward  its  middle, 
it  CLhibits  all  tho 
properties  of  an 
ordinary  maffnet- 
ised  bar.  Ag  goon 
ns    tlio  current 

t)asses,  being  fi'ce- 
y  suspended,  it 
points  north  and 
sonth,  and  is  at- 
tracted and  repel- 
led by  the  poles 
of  a  magnet,  just  as  though  it  wore  a  magnet  itself. 
Another  arrangement,  called  De  la  Rivc'.'i  ring,  for  il- 
Itietrating  the  sarae  effect,  is  eccn  in  J<'ig.  is5,  A  email 
sample  circle,  consisting  of  a  zinc,  2,  and  a  copper  plato, 
C,  connected  by  a  coil,  ia  siiepended  in  a  vessel  of  acid- 
ulated water,  which  is  floated  by  a  cork,  D,  oti  water. 


Fig.  iM. 


What  is  tliG  laiT  of  r«iiction  between  clmric  ciirrcoH? 
Ihe  elcetrD-dytmmie  helix.    Describe  Me  la  Rivc'a  ring. 


Deecriba 


MAGXETO-ELKcrniC  CmilENTS. 


The  euiTGnt  nius  round  the  coil  in  the  ilireotion  of  tba 
aiTowp,  and  tlie  ar-  F'O- 161 

rangeinent,  obeying 
the  magnetic  influ- 
eJicii  of  tliG  Gn.rth, 
turus  wiUi  ita  plane 
Ijoiniiiig  north  ami 
soQtl],just  asanmg- 
netic  needle  woii!4  ->;^ 
If  tlie  north 
of  a  miagiiet., 
n  s,  be  jirts-ented  to- 
ward ibG  loop,  the 
■wire  will  b«  attract- 
etl,  and  will  place  ii- 
fielf  niidwuy  between  the  eiicla  of  tho  mntjnel;  hut  if 
the  Bonth  end  lie  presented,  the  wire  ■will  he  repelled, 
the  floating  combination  will  tHrn  linlf  way  round  bo  as 
to  reverse  ita  direction,  and  will  then  ha  attracted. 

Ampere  inferred  from  the  analogy  of  these  iustrn- 
nieiits  thnt  the  magnet  owes  its  qualities  to  electric  cur- 
rents circiiialing  in  it  in  a  transverse  direction.  The  di- 
rective action  of  the  magnetic  needle  or  the  electric  he- 
lix depends  on  the  action  of  electric  currents  circulating 
in  the  Gsirth,  due  to  the  unequal  heating  of  ita  surface 
by  the  rays  of  tho  siui,  the  earth  being  regarded  as  an 
electro-magnet,  the  poles  of  nrhich  are  ncarlij  in  the  line 
of  tho  axis  of  rotation.  The  angle  betwecu  the  two  tB 
not  constant,  tho  variation  of  tho  needle  from  the  trne 
north  poizit  exhibiting  8lo\r  increases  and  diminutions. 

Wo  have  seen  that  an  electric  current  can  develop 
magnetism  in  a  bar  of  iron  or  steel — in  tlie  former  tran- 
siently, in  the  Utter  permanently.  Thus,  if  the  iron  bar, 
ns,  I'lg.  ]54:,  be  placed  tn  the  nxia  of  a  holix  of  copper 
wire  along  whieh  a  current 
is  flowing,  the  cnrrenC  de- 
velops magnetism  in  thc^ 
bar.  It  was  discovefed  by  " 
Faraday  that  the  converse 
also  holds  good,  and  that  fi 


Fiff.  151. 


IToH'  (long  it  Mt  lownrii  a,  mncnet?  "Wluit  is  Amiittre's  theory  of 
liie  nnturc  of  tho  maenei?  What  ia  llie  cftcrl  of  a  cutTont  running 
roQTid  o  bar  al  wft  iron  ? 
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magnet  cnii  give  vise  lo  an  clGCtric  cniTent.  Thus,  in 
J^'iij.  154,  let.  the  termiijatlonK,  a  b,  of  tEie  holix,  te 
brouglit  into  cotilact,  and,  having  placecT  a  soft  iron  bar, 
«  s,  within  it,  let  llie  bar  l»e  made  magnetic  by  the  ap- 
proach of  n  strong  magnet.  It  at  once  generates  a  cur- 
lent  which  runs  through  the  Iiclix,  c  y  and  if  nt  this  mo- 
ment the  U'irea  a  0  ho  drawn  apart,  a  bright  spark, 
Boiiietiniea  catleii  tlie  magnetie  Bparlc,  passes.  It  does 
Bot  come,  however,  from  tlie  luagoet  itself,  but  is  due  to 
the  electric  cnrrent  indite^din  the  helix  hy  thfi  disturb- 
inr;  action  of  the  niagiiet.  If  between  the  terminations 
a  6  a  slender  wire  be  placed,  it  may  be  made  red-hot,  or 
■water  maybe  decomposed,  or  ady  of  the  pbenoniena  of 
Fill.  iwi.  a  VoUait!  battery  may  be  exhibited 

hy  the  aid  of  this  magneto-ekctria 
current. 

Tlie  smue  resuIlB  "would  occur 
if,  instead  of  introducing  and  re- 
S  moving  a  pornianont  steel  magnet, 
we  eoiitinnally  change  the  polarity 
of  n  stationary  Koft  iron  bar.  Thus, 
if  a  b,  H'ig.  155,  be  a  rod  of  soft 
iron  PurrounUed  by  a  helix,  and 
there  be  taken  a  semicircular  steel  magnet,  N  c  S,  ■niiich 
can  be  made  to  revolve  on  a  pivot  at  c,  things  being  bo 
arranged  that  its  polea,  N  S,  in  their  revolutions  just 
pass  by  the  ends  of  the  bar  a  b,  the  polarity  of  the  bar 
will  be  reversed  every  half  i-evolntion  the  magnet  makes, 
and  tliia  reversal  of  polarity  will  generate  electric  cur- 
rents in  the  wire. 

The  magneto-electiic  mfichino  used  for  medical  pur- 
poses, J'')'!?.  J56,  is  conslrncted  on  the  principle  that  if 
we  coil  round  a  piece  of  soft  iron  a  conducting  wire,  as 
often  as  the  iron  ia  magnetized  by  the  permaticnt  mng- 
net,  S,  n  -vvare  of  electricity  flows  through  the  wire. 
Tlie  soft  iron  being  rapidly  rotated  by  the  multiplying 
wheel,  .nnd  the  patient  being  brought  in  relation  with 
the  machine  by  the  bindinjr-s crews  and  hantllee,  A  E,  he 
experiences  a  Bnecession  of  shockft, 

if  two  conducting  wires  be  placed  parallel  and  near 
C!if li  rtthcr.  wlicn  .Til  elcftrlenl  cnrvent  is  panned  through 

llutv  inny  a  iiiii(;ni.>i  urodiice  on  elcctri-c  eiirrent?  Describe 
Fi'j.  I  an.    Vriuii  is      imneiiile  of  ihe  raiigneto-elemiir  mnfliine  ? 


kitUukobx^'b  coil. 


ISI 


one  of  tbem  a  wave  of  electricity  flows  ia  the  opposite 
direction  tlirougli  the  otliei-.   On  tlio  tii-st  ciin-ent  sto])- 

Fiff.  166. 


ping,  iinotln>r  "wnve,  called  the  BGconilary  uurrent,  pasB- 
es  Lbroiigli  tlie  second  wire.  These  iiiomenLaiy  cur- 
rents are  called,  from  ihe  name  of  their  discoverer,  Fara- 
diau  currents.  The  eflects  are  inucli  inereased  by  «sing 
FCa.  ISI. 


helices  instead  pf  sin> 

Ele  wires.  Prof.  Henry 
as  made  many  inter- 
esting observiitionB  on 
secondary  currents,  em- 
ploying flat  ribbons  of 
copper  inftead  of  wires. 

Ilnhmkorft''8  induc- 
tion coil  rlependa  on 
—  the  hi,i:;li  intensity  rf 


Whnl  art!  Farnilinn  cmrents  ?  What  ia  the  fact  on  wliicli  Ruhm^ 
hnrff's  rnil  dppnnils? 
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huumkobff's  coil. 


l.ho  Becondftry  currents  prodtieocl  by  mngnctiii  indnction. 
It  consists  gt'two  ^oiiuijntrie  lieliws  of  eotJper  ujrc,  the 
inner  or  primary  coLl,  A  A,  ^^r?.  15T,lieiug  of  thick  wii^o 
and  oniy  two  or  tliree  hundred  feet  long,  wiiile  the  out- 
er one,  B  B,  is  several  tiiousand  feet  lung,  and  of  very 
thin  silk-covered  wire.  In  tlie  axis  is  a  bundle  of  soft 
iron  wires,  M.  The  primary  coll  ia  not  coutiimous,  tut 
may  be  broken  at  c  «,  the  keeper,  rf,  being  raised  when 
JI  becomes  magnetic  and  the  circuit  interriiptecl.  The 
making  and  breaking  occurs  eevei-ali  biiodred  times  in 
n  niinule,  a,  poweiful  secondary  tiirreiit  being  induced 
each  time  in  B  B.  A  coiiLinnoiis  stream  of  sparks  puss- 
es between  the  ends  of  the  secondary  wireiS^/".  No,  2 
is  nil  end  view,  No.  1  being  a  longitudinal  section. 

In,  addition,  tliere  is  attached  to  tlio  primary  ivire  a 
epecios  of  Lcyden  ja.r  termed  a  condenser,  which  in- 
creases the  pDwei-  of  the  inatrument.  It  consists  of  a 
band  of  oil-silk  ov  paper  coated  on  oadi  Bide  with  tin- 
foil, the  two  coatings  being  connected  with  c  and  (?. 

By  this  instrument  sparks  twenty  inches  long  may 
be  prociii'ed,  and  by  causing  these  Ep.irks  to  traverse 
an  air-pinnp  vacuum  an  anroral  light  will  be  peen.  liy 
placing  in  the  air-fiump  receiver  a  tnmblcr  of  nr.aninni 
glass,  lined  partly  inside  with  tin-foil,  n  cascade  of  elec- 
tric light  wUl  flow  over  on  the  ait-pump  plate. 

If  the  discharge  take  pl.ace  into  a  spnce  more  rarefied 
than  the  ordinary  receiver,  the  luminous  portion  is  ob- 
served to  be  Btratiiied,  or  crossed  by  dark  bands, 

J'''iff.  158  repi'eBents  liei'tnetically-sealed  glass  tubes 
into  which  platinum  wires  have  been  fused,  and  in 
which  the  rarefaction  ia  pros^ressively  more  perfect. 
The  rarefaction  ia  produced  by  filling  the  tnbee  with 
dry  carbonic  acJd  gas,  and  nt  the  samo  time  putting 

Eiecea  of  caustic  potasaa,  P  P  jPJP,  into  ihem.  The 
anda  beeome  wider  and  change  their  shfipe,  until,  when 
a  ]ierfeot  void  is  obtained,  they  disappear.  Materi.al 
p.irticlea  soeni  to  he  necessary  to  the  transfer  of  the 
fui-ront,  as  in  the  eftaft  of  the  Voltaic  arc.  By  inclosing 
a.  variety  of  substances  in.  such  tubes  beautiful  effects 


DcEcrihe  Enhmkorif?  iuduction  toil.  What  length  of  spark  uiny 
Iwj  ohtflineJ?  Hnw  may  nuroral  lifiht  be  prodm-Pil  ?  Wlint  mc 
Geissler's  tabes? 


GKISSt.BR's  TI  BES. 

l-'ir.  ir.*. 
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^  M  M  H  ri 


?  - 


of  color  may  be  o^ta!ne(l.  Tliese  aro  c;i]le<l  Geisaler'a 
tnbea. 

Thishuo-Electhicitt. 
If  we  take  a  hav  of  antimony,  ir,  J^ff.  169,  and  oce  of 
bismuth,  6,  ardjiavinf;  soldereij  llicm  ctifl  fv,/,  l'-a. 
to  cml  !it  c,  pass  a  feeble  eiirrent  tlirougli 
tliem  In  a  Jireclioii  from  ihc  atiLimony  to 
tlie  bismiilh,  the  temperature  oftfie  com- 
ponnd  bar  riseis,  but  if  tlic  cnrrctit  pnps  in 
llie  opjioflile  ilirection,  cold  is  proiliicciL 
Byfixing  thermometers  into  tlie  fnibstanre 
oftliobnrs  these  I'acts  may  be  verifiRd;  find 
in  lite  latter  case,  wben  M'ater  is  pUoed  in 
ft  depression  made  for  it  in  tbe  bar,  and  the  reduction 
of  temperature  slightly  aidod,  it  may  be  frozen  liy  the 
current. 

The  snmG  componnd  bar  of  biBmntfi  and  antimony, 
liavinfr  il8  extremities  connf'Cted  foctether  by  a  wire, 
wh'pnevpr  heat,  is  npplieti  in-  tho  jmiclion  an  eleclvic  cm- 

IIow  may  an  elei:(i  ii;  cnrretil  jjruduce  limit  ntid  cold  ?  How  i»  BTi 
electric  -currctit  produced  bj'  the  npparatns  Fig,  159 1 
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rent  ssls  fro-m  tlie  bismuth  to  the  antimony,  and  when 
cold  ia  applied,  from  tlie  anUiiiony  to  the  hianuith. 
These  impfinant  facts  weve  discovered  by  Seebeck  in 
1S22,  and  the  can'eat  designated  ihevmo-olectuc  cur- 
re  uta. 

If  a  rectangle,  Fiff.  1 60,  be  composed  of  a  bar  of  an- 

timooy,  A  A,  and  (me  of 
— — t-s  bistuuth,  Jl  Jl,  on  apply- 

ing hG:it  to  one  of  the 
A.  JuuctioDB  a  current  'will 
run  around  the  combina- 
tion, and  a  mngnutic  nee- 
dle suspended  within  be 
deflected. 
— 1  For  the  production  of 
these  thermo-electric  ei- 
fecta  two  metals  are  not 
necessarily  required.  One  *nd  of  a  thick  metallic  wire 
being  made  red-hot,  and  brought  in  contact  ivilh  the 
other,  a  current  instantly  passes  from  the  hot  to  the 
cold  portion,  and  continues  to  flow  in  diminishing  quan- 
tities until  tha  two  ends  have  reached  tbei  &anie  temper- 
ature. Or  if  a  metahic  ring  be  made  red-hot  in  any 
limited  portion  of  its  circumference,  as  long  as  the  heat 
p^sgeg  with  freedom  to  the  right  hand  and  the  left  elec- 
tric development  does  not  appear,  but  if  we  touch  with 
B  cold  rod  the  hot  portion,  abstracting  thereby  a  part 
of  its  heat,  a  current  in  aa  instant  runs  round  it. 

It  ia  not  alone  in  metila  that  these  therm o-elflctrio 
ciirrenta  can  be  indnced  ;  other  solids,  and  even  liqnids, 
may  originate  them.  Among  metala  aaaociated  togeth- 
er, the  relation  often  eshibite  singular  changes.  Cop- 
per and  iron  form  a  very  active  couple  until  their  tem- 
perature approaches  800° ;  the  current  then  stops,  and 
on  continuing  the  heat  another  current  ia  developed, 
passing  in  the  opposite  direction.  The  same  takes  place 
■with  a  pair  of  silver  and  zinc  at  248°, 

Dfiscrite  the  ihermo-electric  rectaiicle.  Iloiv  can  lliormo.pke- 
triu  effects  ba  produced  wirli  ono  metil?  Describa  tlae  peculiariliea 
of  B  copper  and  iron  couple. 


77iermc--Electric  Order  of  Metals. 
Bismufli.  Copper  and  SUrcr. 

PInvinuin.  Zinc. 
Lead.  Iron. 
Tin.  Antiiaony. 

ThB  current  proceedB,  when  lieatcd  togetber,  from 
tliose  at  the  end  of  the  list  toward  tliose  which  precede 
tlietii.  The  thornio-dcctiic  order  is  eutirely  difiercnt 
from  the  Voltaic  order. 

Thermo-electric  currents  generated  in  pairs  of  metal- 
lic hars,  experiencing  little  resisUnce  to  cotiduction, 
Imvc  voi'y  httle  tonaioii.  The  thinnest  stratum  of  wa- 
ter 3s  a  perfect  non-conductor  to  tliem. 

In  any  thernio-eleclrie  couple  the  quantity  of  electrici- 
ty evolved  depends  upon  the  lempfiralufe.  Bnt,  as  waa 
shown  by  Professor  Draper  {Philosophical  Magazine, 
June,  1 840),  it  is  not  dh'ectly  proportional  to  it,  except 
through  limited  rattgee  of  temiieratuid ;  Jind  wo  can  not, 
therefore,  oipke  use  of  these  currents  for  the  determina- 
tion of  lemperatiirea  with  accuracy,  on  tlie  hypothesis 
of  the  proportionality  of  tho  quantities  of  electricity  to 
the  quantities  of  heat. 

By  joining  a  system  of  bnra  alternately  together,  we 
may  reduplicate  the  effects  of  a  single  pair.  As  might 
have  been  prMicted  on  the  theory  of  Ohm,  and  as  has 
teen  ehown  in  tho  raernoir  just  quoted  experimentally,, 
■where  the  conducting  resistances  remain  the  enine,  the 
quantity  that  passes  the  circuit  fs  diruclly  proportional 
to  tho  number  of  pairs.  By  therm o-olectne  batteries  of 
a  sufficient  number  of  pairs  of  German  silver  and  iron, 
heated  inten.iely  at  one  set  of  junctions  by  a  coal  fire, 
nnd  kept  cool  at  the  other  by  waiter,  w.^tGr  may  be  de- 
composed ivith  rapidity,  and  .^1!  the  effects  of  Voltaic 
combinations  produced.  There  seems  to  bo  no  reason 
■why  Biich  combinations  should  not  eventually  displace 
all  ottier  sourcea  of  electricity,  3.nd  be  used  for  chem^c.^l, 
galvanic,  and  magnetic  purposes.  Electricity  could  then 
be  utilized  in  the  construction  of  prime  movers,  in  warm- 
ing apparatus,  aud  fi»r  a  thouKand  other  applications, 

WTiat  ia  llie  tcnftior  of  iherrao-eleclrio  currcnln  ?  Wtiy  aro  they 
nnreliatile  for  iherinoinetric  piirpo'sea  ?  IIoiv  is  n  llicnno-electTic 
pile  or  battery  made?   Whutarc  tlie  iimperties  of  sucli  piles? 
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THE  THBHlrO-Ei:HCTEIC  PILE, 


Melloni's  thermo-electric  pile,  which  ia  by  far  tho 
iiiDst  Bt'Dsitivc  ol'  thcrmomet.frs, 
consista  oi'  ii  iiumbgr  of  bars  of  his- 
n\\A\\,  2},  ami  iiNiiinoiiy,  A,  wilh 
the  allema.le  ends  soldered  togtjth- 
er,  as  in  Fig,  161.  II"  ]jotli  ends 
nrc  heated  no  eflect  ia  iirodiiced; 
but  if  only  one,  then  a  current  is 
Ecnt  along  tbc  ivire  ivliiuli  connects 
tho  Irist  bismuth  at  one  end  with 
ihi!  first  antimony  at  the  other. 
Melloiii  naed  30  or  40  such  alterna- 
tions, arranged  to  present  a  Eqn.ire 
or  oirciil.ir  face.  The  position  of  the 
galvauonieler  is  indicated  at  G. 
The  galvanometer  is  seen. in  IF^iff. \&1^m  sectioti  and 
perspective.  A  B-  C  is  the  coil  of  the  muUipHer,  its  tCT- 
minnl  wires  resting  in  the  connecting  cups,  F  F'.  The 
coil  rests  on  a  plate,  D  E,  which  cfln  be  made  to  revolve 
by  means  of  a  wheel  and  screw  connected  with  the  bnt- 
ton  G.  Ad  astalie  combination  of  needlCB  is  supported 
by  the  frame  Q  M  N  liy  a  silli  thrpnd,  V  L.  To  pro- 
tect the  instrument  from  currents  of  air,  it  is  covered  by 
ft  gl.iBs  nylindei',  F  L,  strengthened  by  brass  rings,,  P  S, 
T  Y.  K  T  13  tlie  b.asis  on  whith  the  cylinder  rests. 
The  angle  of  deflection  of  the  needlo  ia  taken  as  the 
measnre  of  tho  tcnipeTatnre, 

Professor  Draper  introducccl  certain  improvements  in 
tlie  construction  of  the  thermo-electric  element.    Let  o, 

Jig.  163,  be  .t  bar  of 
aiiiimony,  and  h  a  bar 
(if  bismuth.  Let  them 
bo  soldered  along  c  d, 
and  at  d  let  the  tcai- 
peratnre  be  raised.  A  i 
cnrrent  is  immediately 
excite^!;  but  this  does 
not  pass  around  the 
bara  a  h,  inasmuch  as 
it  finds  a  shorter  and 
r€.id ier  ch n i m el  ll i ro ngl i  the  niotala between  rnnil  r/.aKin- 

DescritiP  Mclloni'K  pnle.  De*crili3  ih?  pnlvoromelcr.  Wbal  am 
Drnper's  imgirovcinciHa  in  itieriDo-elcctrii:  puirs? 


Fi-.  iss. 


"I 

1  c 

fj  " 

THB  GALVANOMBTER. 
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dicatcd  by  Uie  arron-s  ;  Tior  will  the  wholo  current  pass 
round tlieljaiauntiltlicteiDijeratuie  ofllie  Boldeied sur- 


face bus  become  uniform.  An  improvement  on  this  con- 
struction is  tliorefore  Eucli  as  is  represented  at  a'  A', 
which  consists  of  tLe  former  arrangement  cut  along-  llio 
dotted  lines.  Here  the  wIiole.cmTcnt,  soon  .is  it  ex- 
ists, is  forced  to  pass  along  the  liars,  Ono  of  tlic  beat 
forms  of  a  thermo-electric  pair  is  seen  in  the  Joivcr  fig- 
ure, where  t>ic  antimony,  ft,  and  blsmnth,  6,  are  ntiitcLl 
by  £1  lozengc-sliapod  piece  of  copper,  e.  The  heat  is  mnclG 
to  fall  on  c,  which  becomes  hot  and  cold  with  pronipti- 
tiule,  and  dt':terTnines  a  current, 

'Wliy  Bhonld  the  junclion  ba  Eiuim? 
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THB  TORPEDO. 


Asniix  Electhicity. 
Besides  tlie  Vftrioua  sotircGS  of  electricity  to  whicli  I 
have  reterreiS,  tbei'e  are  certain  animals  which  posgesa 
tlie  power  of  controlling  tbe  equilibrium  of  the  electric 
flnid  in  their  neightorbood  at  will, being  accommodated 
for  this  purpose  with  a  special  acrv- 
oiia  apparatus.  The  torpedo,  a  fish 
living  in  the  Mediterraneau  and  on 
o\ir  coast,  and  the  gymnolus  eleo- 
tricus,  which  is  fomid  in  some  of 
tbe  fresh-water  streams  of  South 
Ameiioa,  have  this  property.  The 
electric  ortjans  of  the  toiTiedo  are 
shown  in  Fig.  164,  at  a  o,  the  su- 
perficial tissues  having  lieen  tg- 
luoved.  They  are  composed  of 
priaras,  Fig.  1G5,  presenting  divid- 
ing LliaphrRgma  on  which  nerves  ramify,  and  are  filled 

with  au  albutniuoua  Balinc 
liquid.  About  4"0  of  these 
arc  found  in  e.ich  of  the  two 
organs.  The  ddi'Sal  surface 
ol'the  animal  is  positive  .md 
the  ventral  negative.  The 
nervous  supply  of  ihesc  organs  comes  from  a  special 
lobe,  tho  elfiCtVical  lobe,  IV,  Fig.  108.  I  is  the  cere- 
brum; II,  optic  lobes;  III,  cerebellum.  UTS  are 
brandies  of  the  pncumogastric,  and  L  a  branch  of  the 
trifacial,  distributed  in  the  electric  organ. 

The  shock  of  the  toi-pedo  paesea  througb  conducting 
bodies,  but  not  through  non-conductors.  A  gyninoluB 
which  was  exhibited  in  London  was  found  to  deflect  a 
magnetic  needle  powei-fully  by  its  discharge.  A  ateGl 
wire  wrifl  Tiinj^iietiKed  by  it,  and  iodide  of  ]>oiassiiim  de- 
compoacib  lu  an  interrupted  metallic  circle  a  spark 
waa  seen,  niid  llie  induced  sparlc  was  also  obtained  by  a 
coil.  Tho  rnvrviit  passed  fronn  the  anterior  to  the  pos- 
terior parts  of  the  animal.  Faraday,  who  performed 
tbese  OKperinu'iits,  cahmlatea  that  tlie  quantity  of  eleo- 
Iricity  pdfvHig  lit  i-nch  (iiBchnrf;c  of  the  fish  was  equal 

Wlint  in  llli!  rniiii-ilii,  iLlliI  whnt  are  ilfi  pmvors?  Hnw  nrc  the  elec- 
tric oi-gani  cnuiimdoil  f  Whence  do  they  derive  iheir  nervous  Biip- 
|i3j  f   Dcmi'IIh  tlie  )\1tiinc>mvna  ahawn  \>j  iha  mnoina. 


ANIMAL  ELtbTBIClTV. 


ISO 


ft'/i  inn. 


to  that  of  a  Leyden  battery  of  3600  iiu-lics  smfnco 
charged  to  the  iitroost, 
and  this  could  he  repeat- 
ed two  or  three  times 
with  scarcely  a  senaible 
interval  of  time. 

As  the  electricity  which 
these  anitnalB  discharge 
depends  on  their  nervous 
action,  the  prodnctioii  of 
it  is  attended  with  a.  cor- 
responding nervous  ex- 
haustion. Matteucci  ve- 
g-ards  the  priams  aa  piles, 
in  which  a  secondary  elec- 
tric current,  is  generated 
by  the  nervous  current 
Bent  to  them.  An  inti- 
mate connection  is  thus 
established  between  the 
two  forces. 

The  same  philosojiher 
has  also  shown  that  in  all 
Uving  animals  there  ia  a 
enrrent  of  positive  elec- 
tricity from  tha  interior 
to  the  exterior  of  evGi-y 
muscle ;  and  by  ari'anging 
that  the  interior  of  one 
touched  the  ejterior  of 
the  next,  as  ia  J^iff.  107, 
he  exhibited  mugaelic  ef- 
fects and  chemical  decom- 
positions, 

T^r/.  1(18  enables  iia  to  detnonalrate  the  effect  of  the 
Voltaic  current  on  the  rauscles  of  a  frog.  The  animal 
13  prepared  by  dissection,  so  that  the  legs  are  only  con- 
nected by  tlie  nerve  and  a  part  of  the  epinal  cord.  On 
plunging  the  terminal  wires  of  a  battery  into  the  cups 
of  water  in  which  the  feet  are,  the  frog  will  leap  entire- 
ly oiit^  

Wlinbifi  Mnneucci's  cxplnnation  of  Ihe  action  of  tiie  priams?  De- 
scribe t]iQ  muscle  batlerf. 


Ecrius  of  hiiit'  iiiii^clea  so 
FiS.  llil. 


EL£Cn'ItlCAL  EXPEEIMENT3, 


In  Fiff.  159  the  muscular  coDLractions  lliat  are  cx- 
Fiy.  100.  Iiibited  by  the  tongue  of  an  ox 

wheu  acurrentispaased through 
it  are  eLoivn,  The  tongue  is 
drawu  ontj  and  n  nail  driven 
through  it  into  the  tnble.  On 
bringing  one  pole  of  the  battery 

Fh.  If". 


ill  eoiiiiLi-., nil  Llio  tip  of 
I  "the  tongue,  jirni  the  other  pole 
in  connectiou  with  the  spinal 
coi'd,  the  tongue  coutracls, 
and  either  the  nail  \a  drawn 
out  or  the  head  pulled  for- 
ward, 

JVy.  no  ahowa  the  manner 
in  -whicli,  when  the  thiglis  of 
a  ffog  have  been  exelted,  they 
'  may  be  caused  to  produce  in- 
duced contractions  in  the  leg 
of  anoUiEi-  frog.  When  llie  two  poles  of  s.  battery  are 
applied  to  the  spine  joining  tho  thighs,  ive  observe, 
whenever  the  thighs  contract,  convulsiona  Bitnultaoe- 
oiisly  occur  in  the  foot  whose  uervo  lies  across  them. 

Whnl  does  Fi//.  1138  demonscrftte  ?  How  niny  ihc  coTilrnctlon  of 
an  ox's  tongue  be  slioivii?  lla\y  mnv  imlmreJ  cDTHrnciionB  be  cn- 
lilblted? 


PART  11. 


LECTUEE  XXXIV. 

The  NoMEKCLATur.E. — Tlie  J^rench  ^omenclahire. — 
Table  of  Elementfirtf  Bodies.  —  NotnenGlature  fur 
Compound  Bodies,  Aaids,  Jiases,  ami  Sails.  —  The 
Ulnar T/  Hi/potJiesis. 

Until  aftci"  the  discovery  of  oxygeti  gas,  llio  nomen- 
clature of  cliemistiy  was  very  loose  and  (lom plicated. 
The  tnviat  natues  whieb  wei'e  bestowed  on  various  bod- 
ies liad  frequently  little  connection  willi  tlieir  proper- 
ties;  Eometimes  tbey  vrcre  derived  from  iliii  name  of 
the  discoverer,  or  fioraeLiinQS  from  the  place  of  bis  refii- 
dence.  Glauber  salt  takes  its  dcsignatioQ  from  tbe 
chemist  who  first  brought  it  into  notice,  and  Epsom  salt 
fi'om  ft  village  in  England,  in  which  it  ivas  at  oue  tituo 
made. 

It  IB  obvious  that  such  a  Bystem  of  nomenclature,  as 
Soon  as  Ibdi  nlimber  of  compound  bodies  iiiureiised, 
ivould  not  only  become  unmnnag-eabJe,  but,  by  reason 
of  llie  impossibility  of  carrying  in  tlio  memory  such  a 
mnss  of  unconnected  terms,  offer  a  very  serious  impedi- 
ment to  tlie  progress  of  tbo  science.  Lavoisier  and  bis 
associates,  about  the  close  of  the  last  eentury,  con- 
strncted  a  new  nomenclature,  with  a  view  of  avoiding 
ihcac  difficulties,  lis  principles,  with  eonio  modilica- 
tinnB,  are  now  nniversally  received.  Tfie  following  ia  a 
brief  exposition  of  it: 

Natural  bodies  may  be  divided  into  two  claGses,  siai- 
ple  and  compound  ;  the  former  nr*  also  called  element- 
ary. By  simple  or  elemcnt.iry  bodies  we  mean  those 
"which  h«ve  not  as  yet  hceu  decomposed. 

Amonj;  simyfie  sub'Stances,  those  ivliich  have  been 

What  was  ilio  nature  of  Iho  noniDnclRlure  used  by  the  older 
cliemUlB?  Wlmn  was  the  system  iioiv  in  ussinvanled?  What  ia 
meont  hy  ftimplii  or  elsmcntary  'bodies'' 
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TItK  NOUBNCLATUltE. 


knOVK  fl>r  «  long  tnno  retain  the  namqa  by  whicli  tliey 
wtv  fK<)tiil«rly  (listiii^iiiiiilied ;  tlins,  gold,  iron,  copper, 
wo.;  i»nJ  wlieii  ui?w  bodies  belonging  to  tliis  diisa  are 
Ji*wtvrml,  lliey  are  to  receive  n  name  descriptive  of 
of  ihfir  leading  properties;  thm,  chlorine  takes  ila 
i»UH«  tVtim  its  greenish  color,  and  iodine  t'roiu  its  purple 
vikfHW.  It  IB  to  be  regretted  lliat  tbis  nile  liaa  often 
bottn  overlooked. 

Snine  lUiubt  exists  as  to  the  eiact  immber  of  tbc  cle- 
mriitary  bodies.  It  mny  be  PBlitnated  at  68,  including 
motitl^  rocoritly  discovered,  ibe  lilies  of  which  have  not 
lipon  completely  established. 
Ofllio  list  of  elenienlary  bodies^  the  inetalH  form  by 
far  tlic  larger  portion,  there  being  55  of  ihehi ;  the  rc- 
maitiing  la  are  commonly  spoken  of  as-  non-metallic 
siibstnnces.  By  some  aulhors  these  are  called  Dietal- 
loidn.  in  contradisliiiction  t&  the  metals,  on  epithet 
which,  however,  ia  very  ohjecUonable.    [See  Opposite.) 

Compound  bodies  may,  for  the  most  part,  be  divided 
into  three  groups:  acidt!,  bases,  and  salts.  By  an  acid 
we  mean  a  body  having  a  eoiir  taete,  reddening  vege- 
table blue  colors,  and  nentralizing  alkalies ;  by  a  bnsr,  a 
body  ■which  restores  to  blue  the  color  reddened  by  an 
acid,  and  posHcssins  the  qn.ility  of  neutralizing  the  prop- 
erties of  an  acid  ;  by  a  salt,  the  body  arising  from  Iho 
unson  of  an  acid  and  a  base.  These  defiailionsj  however, 
are  to  be.  received  with  considerablo  limitation. 

The  noiaenclaturo  for  acid  enbstanccs  h  best  eeen 
frO'ia  an  example.  Thcis,  sulphur  nnd  oxygen  unite  to 
form  an  acid;  it  ia  called  sui|jliuric  acid,  the  termination 
in  ic  being  expressive  of  that  fact.  Eiit  very  frequent- 
ly two  Bubstaucea  will  form  more  than  ono  acid,  by 
uniting  in  different  proportions ;  in  this  case  the  termin- 
ation in  ovs  ia  nsed ;  tints  wo  have  sulphurous  acid,  so 
called  beoausc  it  contains  Icsa  oxygen  ihati  sulphuTic. 
The  prefix  "hypo"  is  also  xised,  as  in  hyposulpnnrous 
ftud  liyposiilphuric  acids:  it  indicates  adds  containing 


Wlini  is  ihn  rule  Tor  naminc  the  elements?  What  is  ihc  number 
of  Iho  cli'mtBlnr)'  Imdirsp  Of  rliew,  to  wimr  I'lass  do  [lie  frrealer 
namhor  MoTiR?  Inin  whnt  groujia  raiiv  tomjionni]  boJits  be  di. 
•riMt  WIiM  Wllw  ili'li'iiiion  (if  lib  iiciil?  Wlint  is  nbiisc?  Whot 
ia  a  null  f  Whflt  (In  'lip  t^rraiiiuiions  k  nnd  evi  itacati?  "WW  la 
die  mcnniuaof  iho  prcfiscm         nnJ  li/perf 
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2'able  of  Elemmtary  or  Simple  Sicbsta7iceSt  with  their 
Symbols  and  Atomic  or  Equivalent  Weights. 


Nso-nuUllli  BItBtUl. 


Oxygen  

Hjdrogen.... 
Nitrogen..,. 

Sulphur.  

Phosphorus. 

Carbon  

ChloriDO  

Bromine  

Iodine  

Fluorine...... 

Boron  

Silicon  

Selenium.... 


Potassium  

Sodium  

Lithium  

Ca^siom  

Buhidium  

Barium  

Strontium  

Calcium  

Magnesium  

Aluminum  

Glucinnm  

Zirconium  

Thorium  

Yttrium  

Erbium  

Terbium  

Cerium  

Lanthanum  

Didvmium  

Thdlium  


O. 

H. 

N. 

S. 

P. 

C. 

CI. 

Br. 

I. 

F. 

B. 

Si. 

Se. 


K. 

TSa. 

Li. 

Cic. 

Rb. 

Ba. 

Sr. 

Ca. 

Mg. 

Al. 

G. 

Zr. 

Til. 

y. 

£r. 
Tb. 
Ce. 
La. 
Di. 
Tl. 


8 
1 

U 
16 

32 
6 
35.  J 
78 
12G 
19 
11 
23 
40 


39 
23 
7 

133 
85 
G9 
44 
20 
12 
14 

7 
34 
60 
33 

? 

? 

ie 

44 
48 
803 


Indium  

Manganese.... 

Iron  

Nickel  

Cobalt  

Zinc  

Cadmium  

Tiu  

Chromium .... 

Vanadium  

Tungsten  

Columbium... 
Niobium  (?)... 

Ilmeninm  

Norium  

Felopium  (?).. 
Dianium  (?)... 
Molybdenum.. 

Uriiiiium  

Titanium  

Arsenic  

Anlimonf  

Telluriam  

Copper  

Lead  

Bismuth  

Silver  

Mercury  

Gold.  

Palladium .... 

Platinum  

Iridium  

Rhodium  

Osmium  

Ruthenium... 


In. 
Mn. 

re. 

Ni. 
Co. 
Zn. 
Cd. 
Sn. 
Cr. 
V. 

w. 

Til. 

Kb. 

II. 

No. 

Pe. 

Mo. 

U. 

Ti. 

As. 

Sb. 

Te. 

Cu. 

Pb. 

Bi. 

Ag. 

Hg. 

Au. 

Pd. 

Pt. 

Ir. 

Ro. 

Ob. 

Ru. 


Al.  WU. 


36 
28 
28 
30 
30 
32 
56 
59 
26 
G8 
92 
184 


48 
GO 
24 
75 
120 
G4 
32 
10* 
213 
108 
100 
197 
54 
09 
09 
52 
100 
62 


less  oxygen  than  sulphurous  and  sulphuric  acids.  The 
prefix  "  hyper"  is  used  in  the  same  way ;  thus,  hyper- 
chloric  acid,  an  acid  cont^ing  more  oxygen  than  chlo- 
ric acid. 

With  respect  to  bases,  the  general  termination  is  in 
ide.  If  oxygen  .^^d  lead  unite,  we  have  oxide  of  lead  ; 
and  ill  the  ftiuic,  tnsinni'r  \ve  hn.ve  clilorides,  bromides, 

Wliat  are  the  ajmbob  for  the  elementaiy  bodies?  Wliat  are  their 
atomie  welghtaf  What  does  the  tenidnatioa  ide  signify  ? 


till  M<ui-.^i  l.tll'ltl!:  I'VU  llAMKtt  AMI  KAI.TK. 

t.»liilt:»t  !ui<l  iliiiii'iik-H.  Ami  if  Uiuso  flviucnts  form 
i-tniiliuiiitili  III  iiiiiiK  i>i-iiiH)riioiL:4  tliaii  0I1I-,  u'ti  iiidicato 
llii-ii  ^>iu|>i>iiifii  liv  tliti  lirii-k  iiiaiivr:ils,  |irotOS,  iletlto- 
ii>n,  li  iUm  , 

i.l.-i ,  iliL>  |>iiit»Mkli>  111'  li'Uit  iMiiluiiiK  una  atuiii  otoxj- 
^vik  ikiiiL  »iu>  I't'  li-uil.  ilui  ilt'iiliiJkitlc  vt'  uitrogen  two 
.ttkxii-)  i>[  ifnii  uiiil  (>iio  of  iiiuM}^'!),  vti'.  Ill  the  sniuo 
III  iiiiu'i  (tiu  |iu-il\i-i  Mil',  sc:ii)iii,  mut  {HT  arc  umhI  ;  thus 
-t  >iiU>^i>Ui  iMiiiJuit  tlui  itincst  iiri>|)i>rtit)ii  of  oxygen,  n 
l<i:ti>\uU^  1i:.;lu'>c  ['ivcol t iv>ii,  iiiiil  H  sosiitiioxide  in- 
i>-i»i-ii.-.T  l,;«.vii  [>ii'{,'\uli'  :i]itl  :i  lU'uli'xiili'.  its  oxv- 
t-.-i''^;  I:!         ['U'l'.'lCi'll  .'["I'tu-  ;\;oiu  iUtd  ;l  IlJt", 

Hi  iTi  t'.;.'>  liw  Mib>t:i»i-s'  ;irisit)i:  iVom  ihny 

i!i!-,-it  ll:'.;s  ;l!ul  iLUt-  uuittf  to 

f,--"t  i"  »>  .1;;  a'.'.-y.    Ic' \'i  ciic  uifcais  is 

—  j  v.iw,  i.-,-  .■■.'■■■.iv,',v.>t  ts  au  aiua^iSiaj. 

i.i  ,  ■.  ^.*aj'V.,'i;:s.  c-iiKni,  aiui  iek-Lia:::  unite 
'■'.■t.ili,  w,;iv  i-Acl.  i",::t  :\  it;c  tsT;i;ir.  j,:;'.'u  iiAi  is 
,  ^.--.is  w.- '  i*v  *'j!j>*'l.iv"*,  vhiWt'bUUs.  t-j^ci'liJSi.  etc. 

W  ■,  ■  -v.^yw;  i"^.'  Vi*v.U'iida:i"o  lor  iaI-»,  tin.'  wrin- 
'  ■  .-.-^  .-  V  .t  (.-.  ufcnJ  to  iLtvlicatif  aoiuu  :/i  w  uuil 
,. ...  •v.'-w.  i"'.'  »'/;.v'a;e  ci' i."otiiiih  ^"UucaitiB 

.■  '.-         i  -.i >,i'v'':;v."     pi.'iasii  ■iiiiiJiiiir-jiwi  tuui. 
\  -.i  1^       ■       j'  i.-.t.'n  si.-i.'i!  iii.n  lii.ivrvrii.  j-vtiu^  irwj  * 
'■1     ■-■  ov\.;^'ii  i:i  ■.".Mvi-ji] I  !.ii-;injr'\i)[i!s  luit 

-.1  .1.  ■.  ■.■  .-.vCL,-;!  oi'.ho  iK'ir!i.')n.-l:ic:r!'.'  'jt  r-juiiii" 
.  i.vi!.  i'-  ■■.  o  v:'L-:i's'.:>(.'!ia:s.'  oi' iivii  is  '..i>i  ■tiiiijiijin; 
.  -  ,  -.■  !■  vl"  ■•fc,  I'iit  liio  poL-iiiJ^iiiiiviJ   jr  a 

•  ■  '         iviVviJo.  :ukI  the  '3i!iJtiiHii.:-;i:i:„;  -.t 

\\   1.  I,.,'.  ^' iiy  ol' llii?  riiiiij  anii  hfirtfi  vaHftn. 

X.'.  ■■■  ■  ■.  i  v  .7'"!,''''^ ■  f'"i'^  flio  l>if>nljilin.t.p  nf 

•  :•  ns.i         -      i^n  '"l'  ^iil('l|iini'  (iriil  mill  f>ii»^  'if 

•■  ■■  ■'  r,"        >',;.i(ril  if  noifliPf  tllPir  n<'i'l 

■  ■■     '■■    ■  ■   ■  \. Jr  t/.-  )tvni1itfit)nn4«>a,  it-  ia  nii 

i.;'-  ;  -•  iT     l,ia.--.  it  ia      1viG)i-,  nr  o'll'  on'' 

-  ■  '     '  .'  '  -i  r       '     ft  1'*.  .^i^^  c-nt.^  c-  ff(;»rt\         /i'  f 

"  -    ■'  '  '       ■-■    '■"  ■:  '    V'!— n       tiy  ...iriint'l"!'  •■'  

'    '  ■■   '  !"n  ill  nn-1  li,  inilvii,.  '■  \yyi^^ 

•I..    ,.  ,...r..  ,    r  ,:,|,h:-      Wlinl  !-  It  MI'lllml.  flit  ^,.^,t    „  r,.Kl^^ 
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Wheu  a  metalloicl  ia  united  to  another  mctalloiJ  or 
metal,  or  when  a  compound  rndical  i»  uniteJ  to  n  metal 
or  iDictalloid,  the  conibkiation  is  called  binary.,  from  its 
coDsisting  of  two  elements.  The  binary  compoiindB 
i'orraed  by  chlorine,  lironiiue,  iodine,  and  fluorine  with 
th@  alkaline  ruetalsi  are  called  haloid  salts.  1l  has  been 
Biiggested  tbiLt  the  coBstitution  of  such  oxacid  s.ilta  as 
nitrate  of  silver,  for  example,  is  similar  to  the  Laloid 
ealts,  and  that  they  consist  of  the  metal  united  'n'ith  a 
hypothetical  radical,  instead  of  ao  acid  united  ivilli  an 
oside.  This  hiiiary  hypothesis  woidd,  however,  involve 
a  complete  change  in  the  present  nomenclature,  Car- 
Ijonate  of  potash,  KO,  CO^,  for  exstniplc,  called  hy  its 
advocates  the  carbonate  of  potassium,  would  be,  id  real- 
ity, K  COj,  the  teroxycarbide  of  potnesinm,  a  radical 
CO3,  which  ia  not  carbonic  acid,  being  uniteiJ  to  the 
metal.  The  old  nomenclature  will  be  adhered  to  in  this 
■work. 


LECTURE  XSXV^. 

The  STsiBOLS.^-/i^(i!V(/i"e  of  the  J^'omeneiafure  in  (fie 
Case  of  Complete  Compoimds. — i^tUvre  in  Drffei'- 
ence  of'  Grouping. — Sijinbola  for  JElcmetttnry  ISod- 
ies. — M-pres^ims  for  several  Atoms. —  Um  tf  the 
Plus  Sign. — JK^jiressions for  Groujyitig. 

So  long  as  the  constitution  of  compound  hodies  is 
Biniple  there  is  ho  difficulty  in  applying  the  nonjencla- 
turo,  or  in  recognizing  from  the  name  of  the  compound 
tho  nature  and  proportions  of  its  constituents.  Tlins, 
protoxide  of  bydrogen  clearly  indicates  a  body  in  which 
one  atom  of  oxygen  is  united  with  one  of  hydrogen — 
bisulphate  of  potassa,  abody  composed  of  two  atoms  of 
sulphuric  acid  and  one  of  potassa;  and  even  in  more 
eomplicated  eases,  sncli  aa  the  stilphato-tri carbonate  of 
lead,  etc.,  the  same  princlplea  will  serve  aa  a  guide. 

But  when  compound  bodies  consist  of  a  great  num- 
ber of  atoms,  the  nomenclatnre  coaEcs  to  bo  of  any  serv- 
ice.   Thns  slareh  is  composed  of  twelve  atoms  of  car- 

Wliat  19  a  bmarj  compoiinil  I  Wlint  ia  n  haloid  silU?  Whnl  i-^ 
the  liinnry  li.vpridicsU  ?  Wlifu  Joes  LUe  ncnteDclntpro  npplv ! 
^Vhen  does  it  1*1111  ? 
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1)011,  ten  of  hydrogen,  nnd  ten  of  oxygen.  Fibrin  Is 
composed  of210  aloma  of  cj-rbon,  1C9  of  hydrogen,  G8 
of  oiygeu,  27  of  nitrogen,,  2  of  sulphur,  and  a  trace  of 
pboapliorua.  On  the  priuciplea  of  Llie  nymenclatiire,  it 
would  "be  difficult  to  give  to  the  first  a  technical  name, 
and  in  the  case  of  thfl  latter  impossible. 

The  peculiarity  of  ort-anio  compouada  ia,  that  they 
contain  but  few  of  the  eltnaentaiy  bodies,  being  chiefly 
made  up  of  carbon,  hydrogen,  oxygen,  and  nitrogen  ; 
but  these,  as  in  tho  case  of  fibrin,  unite  in  a  very  eoni- 
plicated  way,  very  often  hundreds  of  atoms  bein"  in- 
volved. The  nomenclature  is  thei'ofore  inapplica-bXe  to 
oru'iinic  chemistry.    {See  Lecture  LXVIII.) 

Tliere  is  also  another  very  ecriowB  difficnlty  in  its  way. 
It  has  heen  discovered  that  componnda  may  consist  of 
the  sania  elements,  miited  in  precisely  tlic  same  propor- 
tion?, so  that  when  they  arc  analyaeil  they  yield  pra- 
■ciieiy  tho  s^nie  j-esuVts,  and  yet  they  may,  in  reality,  be 
very  different  substaucos.  Identity  in  coniposiLion  is 
no  proof  of  the  sameness  of  bodioa.  Thus  -we  may  have 
the  sanjE-  elements  uniting  together  in  the  same  'i-iropor- 
lioii,  and  yielding  a  solid,  a  liquid,  or  a  gas  indifferently. 
This  rcsxilt  may  depend  on  several  causes,  as  will  be 
presently  explained;  hut  among  these  causes  I  mivy 
here  specify  what  ia  termed  by  chemists  "Grouping. 
Thus,  suppose  Jour  elementary  bodies,  A  E  C  D,  unite 
together,  there  is  oliviously  a  series  of  compounds  which 
may  ai'iae  by  permuting  or  grouping  them  differently, 
as  in  the  following  example  ; 

1)  A  +  B  -f  C  +  D. 

2)  A  C     +  B  D. 

3)  A  I>     4-  C  B. 
etc.  etc. 

The  m&tliod  of  symbols  which  is  designed  to  meet 
these  difficidtiea,  and  ia,  in  reality,  an  appendix  and  im- 
provement npoD  the  nomenclatnre,  was  origiiiiilly  intro- 
duced by  Berzelius;  but  ih&  form  which  ia  mow  most 
(lommonly  adopted  is  that  of  Liebig  and  Poggendorff. 
The  ndvantagog  which  have  been  found  to  accrue  from 

What  is  the  peou)inri(y  of  orgHuie  coin[>cunda  ?  Why  is  the  nom- 
enelaturc  innpidioible  ?  Is  11101111(7  comjiOBitioii  flay  ^irwrnf  lh4 
i'lontiiy  of  bodies?  WliRt  la  mcBncby  groiipinEP  Giro  nm  cxam- 
|ile. 
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it  are  bo  great,  that  it  is  now  introduced  into  every  part 
of  clieinietr y,  so  that  it  i3  .impossible  to  vend  a  ruoderD 
■work  oa  this  science  wilbovit  having  pvevionsly  master- 
ed the  symbols. 

The  stud^Dt  shoidd  not  bo  discournged  at  tke  mdtliu- 
matical  appearance  of  chemical  formnlre.  He  will  flnity 
by  a  little  atteution,  that  they  are  founded  upon  tlni 
Eimplest  principles,  and  involve  raerely  the  srithinetieal 
operatioua  of  addition  and  mitltiplicatioo.  The  Mlo>v- 
inff  is  Ji  "brief  exposition  of  theh-  uatnro : 

For  ttie  aj-jntol  of  an  elementary  subslancc  ■we  take 
the  ■first  letter  of  its  Latin  iiame,  as  is  shown  iii  the  ta- 
ble given  in  the  last  lecture.  TIiosg  symbols  shonld  be 
committed  to  memory.  But  as  it  happens  that  several 
snbstancea  HOraetimes  have  the  same  initial  letter,  to  dis- 
tingtiieh  between  them  wo  add  a  second  small  letter. 
Tliug  carbon  Las  for  its  symbol  C.y  clilofine,  01.  f  cup- 
per (cnprutn),  Cii.f  cadmium,  f7c?,,  etc.  It  may  be  ob- 
Bsrved  that  in  the  case  of  t'ecent  Latin  namea  the  Ger- 
man synonym  is  always  used;  thus  potassium  is  called 
kaliiim  in  Oiennany,  and  has  for  its  symbol  K.;  sodium 
is  called  natrium,  and  haa  i'-or  ita  symbol  Na.,  etc- 

Bal  a  symbohc  letter  standing  alone  not  merely  rep- 
resents «  substance;  it  farthev  represeuts  one  atom  of 
it  J  thus  C  tucaQS  one  atom  of  carbon,  and  0  one  atom 
of  oxygen . 

If  ive  wish  to  indicate  that  more  tlian  one  atom  is 
present,  we  affix  an  appropriate  figure,  as  m  the  follow- 
ing examples:  Ci2.//|(,.0i[|.  Tlma  nitric  acid  is  com- 
posed of  one  atom  of  nitrogen  uuitad  to  five  of  oxygen, 
and  -wo  write  it  J^O^. 

When  a  compound,  formed  of  several  compounds,  is 
to  be  represented,  we  make  use  of  an  intervening  cora- 
ma;  thus  strong  oil  of  viti-iol  ia  composed  of  one  atom 
of  sulphur  and  three  of  oxygen,  iinited  with  one  atom 
of  water,  which  is  composed  of  one  atom  of  oxygen  and 
one  of  hydrogen,  and  we  write  it  -SO-^,  JiO. 

If  we  desire  to  indicate  that  compounds  are  nnited 
■with  a  feeble  affinity,  we  make  nse  of  the  sign  -\- ;  thus 

What  lire  llio  symlwila  for  elcmcnlnry  bodies  f  Wliicn  is  n,  second 
letter  neccssiirj'?  WliuC  doea  n  single  Ejmbol  sdinding  nlone  repre- 
sent?   ilow  ara  moi-o  .ituma  tliaa  one  I'efjrescnlcd  ?    How 's  the 

comma  'Qtoplojecl 't    Wlial  ia  tbe  me  of  the  ^im  ws^t 
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the  composition  of  snlpbui-ic  acid  mfiy  Ise  wi-itten  SO^, 
or  (b'CjH^  0,  the  latter  i'ovmula  implying  that  one  of  tlm 
alonifi  of  oxygen  is  held  hy  a  feebler  affinity  tlian  lie 
other  two. 

When  a  large  figure,  or  coefiicient,  is  placed  on  ihc 
^!ime  lino  as  the  symbol,  and  to  tbe  left  of  il,  it  inulli- 
plies  that  symbol  aa  far  as  the  firat  comma  or  -f  sign  ; 
or,  if  ibo  fuvniulabe  placed  in  a  parentbesis,  it  inullipliea 
every  letter  under  tho  parenthesis;  ibus  JiO, 
110  or  '2  S  0-^+ J^0-\-  HO  mcao  two  atoms  of  suipburie 
aoid  uuited  with  one  of  potassa  and  one  of  water,  form- 
ing the  biisulphute  of  potassa;  hut  2(A't>3,  EO,  HO) 
■would  ropiesent  two  atoms  of  a  ealt  compOBed  of  one 
of  Bulphuric  acid,  one  of  potassa,  and  one  of  water,  tho 
figure  here  niiiltiplying  all  under  tho  iiarcntheeis. 

Tbe  aflvaiitacTfs  which  fkrise  fi'om  tlie  use  of  tliCKe 
eimple  rules  arc  very  great;  we  can,  even  With  tbe  most 
complex  bodies,  not  Ouly  e!ipve-as  theit  composition,  but 
also  tho  molecular  arrangement  or  grouping  of  their  iiL- 
ome;  we  can  follow  them  through  the  most  intricate 
changes,  and  without  difficulty  traCe  out  their  incta- 
morphoses.  For  example,  ana.lyEis  ebowe  that  alceliol 
is  composed  of  6'^,  H^,  O^; 

but  many  fiicta  in  its  history  lead  ns  to  know  that  its 
molecular  conEtitiiLion  is 

{€,H,)  O^HO; 
thfit  is  to  say,  it  coiitaina  a  compound  ra<licBl,  0,^7^,  to 
which  the  name  of  elhyle  liaa  bt'cn  given,  and  lliis  fact 
bemg  understood,  wo  see  at  onco  that  upon  the  princi- 
ples of  the  nomenclature  the  trao  name  for  alcohol  is  tho 
Jiydraled  oxide  of  ethyle;  moreover,  alcohol  is  derived 
by  procGssea  of  fermentation  fi'ora  Eiigar.  The  cobstittt- 
tioH  of  dry  fruit  sugar  is 

^''ia>  -^13'  '^IS- 

This  complex  atom,  under  the  intiuence  of  aclivo  yeast, 
is  snlit  into 

thnt  is  to  say,  into  two  atoms  oJ  alcohol  and  fouT  of 
carbonic  acid  gas ;  anil,  accordingly,  we  find^  during fer- 
lacntnUon,  that  ibo  sugar  disappears,  alcohol  forming  in 
tlio  li(|nid,  and  carbonic  acid  gas  escapeB.  

ITow  far  ili>os  n  cocineieni  Tniiltiiily?  miat  nie  tliH  inlTiinlHBi''9 
Af-iaing  from  the  Ejthbfjls?    Give  an  usnmple  in  tho  cnEC  of  olcohol. 


LAWS  OP  COMKINATION. 


Tlie  student  elioald  aceuatoiii  himself  to  tljo  traiislii- 
tioQ  of  tlie  nomcnulatiim  into  symbols,  and  ayiiibols  into 
tlie  nomenclature,  in  cases  ivliero  it  is  possible,  (or  it  is 
absolutely  essential  tliat  he  siioulii  be  pcrtcctl>  lamiliar 
with  tbo  proeoss. 


LECTUKE  XXXYl. 

Tnt:  Laws  op  Combination. — Laje  of  Fixed  Propor- 
tions,— JVumcricai  2,aio. — Mukqile  Lato. — Mo<lvs  of 
expressing  Ooruposition. —  Proportions,  Equivalents, 
and  Atomic  Weights. — Relation  b&tiMm  Comf>iiiiiiff 
Volti/nes  and  Atomic  Weights. — Table  of  Specific 
Gravities  wid  Atomic  Weiff/iis. —  GerhardVs  System 
of  Notation. 

It  haa  been  eliown  in  the  first  leetiiros  that  inateri.al 
snhstaEices  posseaa  nn  atomic  constitutioti,  .and  all  the 
phenomena  of  chemistry  bear  out  this  conclusion.  It 
follows,  therefore,  when  subalances  eomLioa  \vith  each 
other  and  give  rise  to  new  products,  the  union  takes 
placa  by  the  atoms  of  thG  ooo  associating  iheoiselvea 
with  tha  atoms  of  the  other;  and  as  these  ntonis  pos- 
sess weight«and  other  properties  which  aro  specific, 
thevG  are  certain  cii'cumstanecs,  easily  foroeeen,  which 
must  attend  such  combinations. 

lat.  Tht  constitution  of  a  compound  hotly  must  al- 
ways, bo  fixed  and  invariable.  This  arises  from  the  fact 
of  the  uncliatigeabllity  of  the  properties  of  atoms ;  one 
atom  of  water  will  always  be  composed  of  one  atom  of 
oxygen  and  one  of  hydrogen ;  one  atom  of  carbonate  of 
lime  will  alwsiys  consist  of  one  atom  of  carbonic  acid 
and  one  of  lime.  Or,  more  generally,  il'  a  good  analysis 
of  water  haa  shown  that  nine  grains  of  that  substance 
contain  eight  grains  of  osygcn  and  one  of  bydrogen,  ev- 
ery subsequent  analysis  will  correspond  therewith. 

2d.  The  proportions  in  which  bodies  are  disposed  to 
unite  with  each  other  can  always  be  represented  by  cer- 
tain numbei-s ;  these  numbttra  being,  in  fact,  t!]0  relative 

In  what  manner  docs  coinbliinlion  of  bodinu  take  iiliicef  Whiit, 
is  meaat  hj  llie  Liw  of  fixed  projxirliona  ?    WliuL      Ilia  niuncdciil 
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■wciglila  of  their  atoms.  Thus  ivatcr  is  compOBed  of  an 
atom  of  oxygen  and  one  ofhydrogen;  and  inasmuch  as 
the  osygtu  atom  ia  eight  timca  Leaviev  than  that  ofhy- 
dvogeu,  it  uecessarily  tbilows  that  in  every  nine  parts  of 
vater  wa  shiiU  Lave  eight  of  OxygCn  and  (aid  of  hydro- 
gen. These  numbers  are,  therefore,  s^oVen  of  as  the 
combining  proportion  or  eqinvaleiita  ot  tho  substances 
to  which  tlioy  are  attached.  If,  farther,  we  eKatnine, 
■when  oxygen  ami  Bulphiir  unitt,  what  are  the  relative 
qaantitiea,  we  shall  iitd  that  eight  parts  of  oxygen  aom- 
tino  with  sixteen  of  sulphur,  forming  hyposulphurouB 
acid.  And  if  sulphur  and  hydrogen  unite,  it  wil!  te 
found  that  sixtscn  of  Bulplinr  combicG  with  one  of  hy- 
drogen. Ill  this  manner,  by  exiamining  the  various  ele- 
mentary hodiesj  wc  find  that  certain  numbers  are  ex- 
pressive of  the  proportions  in  which  they  ai'e  disposed 
to  iniile,  and  these  numhera  represent  the  relative  weight 
of  their  atoms ;  thus,  if  1  be  taken  ns  the  atomic  weight 
of  hydrogen,  that  of  oxygen  is  8,  that  of  siiiphiu- 10,  etc.; 
the  atomic  weights  of  the  elem.entary  bodies  have  been 
given  in  Lecture  XXXIV. 

DJ.  IFt\i'o  suhstaiii'es  unite  with  each  other  iu  more 
prnp'irtioua  than  oue,  those  proportioug  bear  a  vrry  sim- 
pile  nritlimctical  relation  to  one  another;  thuB  14-  grains 
of  nitrogen  will  successively  unite  with  i?,T!G,  '2i,  32,  40 
grains  of  oxygco,  formin_s^  Buccessively  the  protoxide  of 
nitrogen,  the  dentoxidc,  liyponitrona  acid,  nitrous  acid, 
and  nitric  acid.  And  when  the  n-iimbcrs  cx"presHiDg  the 
amount  of  oxygeu  arc  examined,  it  is  seen  that  they  aru 
in  the  second  twice,  in  the  third  thrice,  in  the  fourth  four 
times,  and  in  the  Hflh  five  times  the  amount  of  the  first; 
they  are,  therefore,  simple  multiples  of  it.  The  reason 
of  this  is  plain  when  we  write  the  constitution  of  thesa 
liodies  in  symbols  ;  they  are  successively, 

and  if  one  atom  of  oxygen  weighs  8,  two  must  weigh 
16,  threo  24,  four  32,  etc. ;  the  nmltijilo  law,  therefore, 
is  a  necessary  conseqnence  of  the  combination  of  atoms. 

Observation  has  shown  that  there  are  two  ficries  ae- 
oording  to  which  bodies  may  unite  with  each  other : 

Give  on  wimple  in  cnch  w*e.  Wlmc  J"  lli"  tmmbera  reprcjcnr.f 
CivB  examples  of  Iliopc  niirnlwra.  What  is  niuani  bv  the  miiliifilo 
Iniv?    Give  nn  CMini|i!o  of  ii  in  ilii;  ciutc  of  nitrogen  nnd  osvgcn. 
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{1.1  I  nlora  or  A  may  unite  tvitli  1,  2,  3,  4,  ^,  etc.,  Qto-ms  of  B. 
(30  1  "torn  of  A  11111/ Tiniie  with  J,  0,  Ij^,  3,  2J,  3,  etc.,  moms  of  B, 

But  as  an  Ettom  ia  indivisible,  tUerc  can  be  no  bhcIi 
thing  as  a  half  atom ;  coiiBequeiiUy  the  eGcond  series  bd- 
comes, 

(3.)  2  ftloma  of  A  may  unite  with  1,  2,  3,  i,  5,  etc.,  ntoma  of  B. 

The  three  foregoing  laws  are  known  under  tbe  uatne 
of  llie  laws  of  combination ;  they  are  tho  law  of  detiuite 
proportions,  the  law  of  nuiubers,  and  the  mulliple  law, 

There  arc  three  ways  in  which  the  composition  of  a 
Bubstance  may  frequently  be  expressed:  1,  by  atom; 
2fby  weight;  3,  by  valume.  Tbiia  the  conslitulion  of 
water,  by  atom,  iB  one  of  oxygen  to  one  of  hydrogen ; 
by  weight,  it  is  ono  of  hydrogen  to  eight  of  oxygen ; 
and.  by  volirnio,  two  of  hydrogen  to  one  of  oxygen. 
Those  diflerent  modes  of  expression  involve  nothing 
contradictory  ;  tbey  are  all  recotic-iled  by  the  etalemect 
that  the  atom  of  oxygen  is  eight  timea  as  heavy  aa  that 
of  hydrogen,  bnt  only  half  the  she. 

By  Bonie  authors  the  terms  combining  proportion  and 
equivalent  are  used;  they  are  to  ba  nnderBtood  as  hav- 
ing the  same  signification  as  atomic  weight.  And  ns 
we  know  uotbing  of  the  .absolute  weight  of  atoins,  but 
only  their  relative  proportions  to  each  other,  we  may 
select  any  anbstance  with  which  to  compare  all  the  rest,, 
and  make  it  our  unit  or  term  of  comparisoii.  In  this 
book  hydrogen  ia  employed  for  this  purpose,  and  its 
atomic  weight  ia  laarked  1 ;  on  the  Coutiueijt  of  Eu- 
rope osygen  13  selected,  and  marked  100.  It  is  obvious 
that  this  does  not  aflect  the  relationship  of  the  num- 
bcrB,  for  it  is  the  same  tiling  whether  we  state  the  atoiii- 
io  weights  of  hydrogen  and  oxygen  aa  1  to  B,  or  aa  1 2  J 
to  100. 

Combinations  may  tako  place  in  two  different  ways : 
]at,  in  dofinLte  proportions;  2d,  in  indefinite  proportions. 
It  ia  to  the  formet  that  all  the  foregoing  observations 
nnti  lawa  apply.    One  grain  of  hydrogen  will  not  uiiile 


Wliiit  ni*  the  two  series  in  which  liodies  mity  unite?    In  what 

WBjs  may  tlio  fom[ioBitioTi  of  n  liodybe  txprcascd?  How  is  the  con- 
tradiction reoonciled  ?  Wbat  do  projsortion  ami  eqaivaleat  Higniry  ? 
What  siili"lancp3  are  used  4S  sDnnilardB  of  compariaoaf  "What  arc 
tb-C  tiro  tiiode»  of  GOmbinntion  7 

12 
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with  nine  or  seven  grains  ol"  osygen,  tut  only  ivilh 
eight.  But  one  drop  of  spirita  of  wine  may  combiDe 
With  ouc  of  Tvater,  or  with  a  pint,  or  a  <^aa.rt,  or  ten 
gallons.  This  ia  what  ia  undGi-Etood  by  union  in  indofi- 
nitep  roportious. 

\Viiea  two  gaseous  bodies  unite,  their  combiaing  pro- 
portions  bear  a  Birnplo  relation  to  each  other ;  one  vol- 
rnne  of  hydrogm  woites  with  one  of  chlorine,  and  pro- 
daces  two  volumes  of  hydrochloric  acid.  And  in  the 
case  of  the  five  torapounds  of  nitrogen  just  referred  to, 
two  volumes  of  that  gas  combine  aucceBBively  with  1,  2, 
3, 4, 5  of  oxygen, 

A  relation,  therefore,  esiats  between  the  coiiiblnin.t^ 
volume  and  tho  atomic  weight  of  gas^eoue  bodies.  If 
the  weight  of  a  given  volumo  of  oxygen  bo  called  loou, 
that  of  an  equal  volume  of  liydrogea  wilt  be  62.5,  these 
nnmbera  representing,  of  course,  the  epecifio  gravity  of 
the  two  gases.  The  proportion  in  which  they  unite  is 
one  volume  of  oxygen  to  two  of  hydrogen  to  form  wa- 
ter ;  the  relative  weights  of  these  quantities,  therefore, 
would  be  lOfl.O  to  6.25x2;  that  is,  100.0  to  12.50;  but 
ttieso  numbers  are  the  atomic  weights  of  the  bodies  re- 
sjiectively.  From  sneh  considerations,  it  was  at  one 
time  Bupposed  that,  in  the  case  of  all  gases,  the  Bpeeific 
gravities  would  covrospocd  to  the  atomic  weights.  Ex- 
perience has,  however,  shown  that  this  is  not  the  case, 
as  is  ea&Q  ia  the  following  table : 


Specific  QTAVhtlH- 

ChsHilrkl  EotiiTHltal* 

*ir=l. 

By  Tnlurna 

.0(31)0 

1 

100 

1 

.i)727 

14.12 

100 

14.1.1 

.*213 

*i.i2 

100 

It.  1 2 

3.*7(»0 

3.'i.84 

IflO 

m.K 

8.  TOIl 

12(i.30 

lOO 

126.30 

78.40 

100 

7S.40 

G.969fl 

lot 

200 

SOS 

1.1025 

IS 

£0 

8 

*.S9T3 

02.8 

1R.70 

1 0. 3020 

150.B 

25 

37,7 

G.G4eO 

96.48 

15.GC 

ic.in 

Hydrogen  

Nitrogen  

Ciirbon  (liy]jollieli(!iil)  

CliliHinc  

Iodine,,..,.,..,,.,  

EroniinO:  

Mercury  

OsypCil  

Vhusphorus  

Arsenic  

SnlpbTir  


From  this  it  is  seen  that  if  the  combiniug  volume  of 
hydrogen,  nitrogen,  or  chlorine  he  taken  na  nnity,  that 

Whiil:  rclmion  is  obsentd  wlien  gtiscs  combine  liv  volinnef  What 
is  tilt  relalinn  tiftwccn  specilic  grnvities  Etnd  nluiuii!  weigh  Is  ? 
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of  oxygen  is  one  Iialf,  of  vapor  of  phoaphorus  one  foaTtt, 
and  of  vapor  of  aiil^ihnr  one  sixth. 

A  new  Bysteni  ot  notation  has  been  proposeil  Iiy  Ger- 
hardt,  with  a  view  to  eatablisli  a  constant  relation  be- 
tween the  atomic  weight  of  bodiesj  tlicir  Bpedfic  gravi- 
tiGB,  and  vapor  Yolomes.  He  Euggusta  that  hydrogen 
shoitlil  bo  the  standard  unit  for  the  atomio  weight,  com- 
bining volume  and  Bpecific  gravity,  iind  that  the  equiva- 
lents of  certain  bodies  ehoulil  he  doubled,  as  fohowe : 


11. 

1 

0. 

]G 

s. 

32 

Sc. 

73 

Tcllnriiiin  

Te. 

128 

Carhon  

a 

12 

The  symbols  that  are  italicized  represent  the  doubled 
atomic  weights. 

The  specific  gravity  is  referred  by  Gerhardt  to  hydro- 
gea  instead  of  air,  and  this  lias  the  advantage  of  gen- 
erally representing  by  one  set  of  figures  both  specific 
gravities  and  atomic  weights.  Tluis  oxygen  is  10  times 
heavier  than  hydrogen  ;  its  specific  gravity  would  there- 
fore be  IG;  and  as  it  corabines  ivith  hydrogen  in  ibo 
proportion  of  8  to  ] ,  that  is,  as  16  to  2,  it  will  take  2  at- 
oms of  Lydrogen  to  form  water.  Hydrogen  is  thus  sup- 
posed to  unite  in  the  proportion  of  two  atoms  to  one  of 
oxygen,  and  hence  water  is  a  suboxide  of  hydrogen, 
JT^  O.    Nitric  acid  becomes  N^O^S,  and  Bulphnrie  acid 

The  radical  change  that  thia  syetem  requires  in  the 
nonieoclature,  together  with  the  straining  of  facts,  that 
it  demands,  have  prevented  its  general  adoption, 

On  the  principles  which  havejnst  been  developed,  we 
can  often  calculate  the  specific  gravity  of  a  cOLiipnurid 
gns  Willi  more  accnracy  than  it  can  bo  determined  ex- 
perimentally. Thus  hydrochloric  acid,  which  consists 
of  equal  volumes  of  chlorine  and  hydrogen  united,  with- 

What  is  the  object  of  Gerhardt's  nornGncIiturc  7  What  suffeea- 
tions  does  he  make?  AYIiat  is  Ihn  mlVBiilagQ  of  referring  spocilie 
ETuvilies  to  hyilrogen  ?  On  tliis  theory,  what  ta  Iho  composiLion  nf  ■ 
wiitti'?  How  may  the  specific  grarity  of  a  eofflpoand  £ft3  ba  do- 
Icrminud  p 
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out  condeusation,  miiat  have  a  specific  gravity  of  1 .2695, 
because  the  specific  gravity  of  hydrogen  being  0.0690, 
and  that  of  chlorine  2.4700,  tlie  sum  of  which,  2-^390,  is 
tbe  weight  of  two  volutn-cs  of  hydrochloric  acid,  and, 
therefore,  if  we  divide  by  2,  the  quotient,  1.2695,  is  eqiinl 
to  the  weight  of  one  volume;  or,  in  other  words,  the 
specific  gravity  of  the  compound  gas. 

Sometinieg,  also,  we  can  determine  the  Bpecific  gravi- 
ty of  a  vapor  hy  calcuJation  when  it  ia  impossible  to  do 
Btf  cxperiiueotally.  Assuming  that  one  volume  of  car- 
bouic  acid  g.is  dontaiiia  one  volume  of  oxygca  an-d  one 
of  carton  vapor,  we  have, 

Specillc  Grnvity  of  Cavbonle  Acid   1.B288 

Oxygen   1.1025 

Cai-bon  Vapor.   .4213 

The  hypothetical  speciSo  gravity  of  the  vapor  of  carbon 
is  therefore  .4213. 

The  rule  for  the  cilcidation  of  specific  grfivities,  OQ 
the  foregoing  principles,  is,  "Multiply  the  specific  grav- 
itiea  of  the  simple  gases  or  vapors  respectively  by  tbo 
volumes  in  which  tliey  combine ;  add  those  products  to- 
gether, QTicl  divide  the  sum  by  tbo  number  of  volumoB 
of  the  conipountl  gas  produced." 


LECTITIE  XXXVII. 

Constitution  of  Uodies. — Ci'ijstallisation.  —  Sj/stems 
o/'  Cri/gtals.  —  Z>imorph{sm.  — Isomorphism.  — lao- 
morpliom  Groups. —  Isomerism.  —  Metameric  und 
Polymeric-  BoJies. — Allotropic  tStates  of  Bodies. 

It  frequently  happens  that  substances  assuming  ths 
solid  form  from  the  litjiiicl  or  vaporous  states,  take  on 
a  {leometnoal  figure,  bdng  terminated  by  sharp  edges 
nnd  solid  angles;  under  such  circum stances,  they  are 
said  to  CTystallize,  Tlins  common  salt  will  crystalline 
in  cubes,  ant]  nitrate  of  potassa.  in  six-sided  prisms. 
.  The  various  geometrical  forms  which  cvystals  can 

Hon-  is  tlip  liyiKitlietiesi  (ipecific  Ei'aiily  of  tlio  vfl|Jor  ff  carbon 
lifllermiooil  1  Give  ilie  rule  for  calculating  ap&ciJic  gravities  ofconi- 
paund  gntoa. 
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thus  asBome  may  be  divided  into  dz  olaasea  or  B78- 

tems: 

(1.)  The  Regalar  system. 

(2.)  The  Bhombohedial  nstom. 

(8.)  The  Squtn  FriBmatto  ayitem. 

(4.)  The  Kght  Frismotic  ayiteia. 

(5.)  The  ObUane  FrimatiB  mtenL 

(6.)  The  DonUy  OUiqno  Priimatle  sptam. 

Tbis.  ^Tisioa  is  foanded  on  the  relations  of  oortain 
lines  or  axes  which  may  be  eoppoflad  to  be  drawn 
through  the  centre  of  the  oryatal  round  which  its  parts 
are  fiymmetric^ly  arranged. 

THB  BEQUXAB  STSTEU. 

This  has  three  equal  axes  at  right  angles  to  eaoh 

other. 

The  letters  a  a  show  the  direction  of  the  axes.  The 
figure  {Fig.ni)  represents:  1.  77ie  cube;  2.IUgular 
Ffg.m. 


octalieclron  ;  and,  3.  Mhombic  dodecahedron. 

THE  BQUABB  PBIBKATIO  8T8IKU. 

This  has  three  axes,  two  of  which  are  equal  and  the 
third  of  a  different  length. 

Fig.tn. 


<3> 


What  Bie  the  tix  apteaia  of  oiystolluatioD?  Upon  vlutt  is  this 
division  founded?  In  the  r^Iar  ijitom,  what  it  the  relation  of 
the  axes?   In  the  square  prismatic  sjratem,  what  la  tbdr  relatiatil 
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a  o  is  the  principal  axis,  b  b  the  secondary'  one.  Li 
tiie  figure  {^g.  172),  1  is  a  right  squo^^  prism,  with  the 
axes  on  tbe  center  .of  the  sides,  h  b;  2  is  a  right  square 
prism,  with  the  azea  in  the  edges ;  3  and  4,  correspond- 
uig  right  tguasre  octahedrom. 

THK  BIOBT  PEISMATIC  SYSTEM 

has  three  axes,  a  a,b  b,c  c,  of  unequal  lengths,  at  right 
angles  to  each  other. 
la  the  figure  {Fig.  173),  1  is  a  righi  rectangitiar 


'prism/  2.  JRight  rhombic  prism  /  3.  Jttght  rectangular- 
beued  octahedron  ;  4.  Might  rhombtc-baaed  oetahearon. 

THE  OBLIQUE  FBISUATIC  SYSTEM 

has  three  axes,  which  may  be  unequal ;  two  are  placed 
at  right  angles  to  each  other,  and  the  third  is  obliqao 
to  one  and  perpendicular  to  the  other. 
In  the  fignro  (Mg.lli),  l  is  an  oblique  rectangulca- 

Fij.-i'i. 


a.  » 


prism;  2.  Oblique  rhombic  prism  ;  3.  Oblique  rectan- 
gidar-basecl  oetahe^n  /  4.  ObHque  rhombi^based  oota- 
hedron. 


WliBt  ii  the  rel&tion  of  the  bx«»  in  the  risJai  priimatic  STstem? 
In  the  obliqno  pritmadc,  what  if  it? 
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TBB  DOUBLY  OBU^UE  FBISIUTIC  8T6TBM 

has  three  axes,  vhich  may  he  all  aDeqaal  and  all  ohtiqae. 
In  the  figure  {Fig.  175),  1  and  2  are  doubly  (MCjue 

Fig.Vm. 


prisms,  md  3  and  4  dtnMy  obligrue  octakedrom. 

THB  BHOUBOHEDBAL  SYSTEM 

has  four  axes,  three  of  which  are  equal  in  the  same 
plane,  and  inclined  at  angles  of  60" ;  the  fourth,  which 
IS  the  principal  axis,  is  perpendicular  to  all. 
la  the  figure         176),  1  is  the  regular  si»Mded 


prism;  2.  the  do^eahedron;  S.  JRAombohedron ;  4. 
another  dodecahedron. 

It  often  happens,  owing  to  a  change  in  the  deposit  of 
new  matter  on  a  crystal  while  forming,  that  other  fig- 
ures than  the  proper  one  is  produced ;  thus  the  cube 
may  pass  into  the  octahedron,  as  shown  in  Mg.ni. 

The  effect  may  perhaps  ho  better  conceived  hy  im- 
agimng  the  solid  angle  of  the  cube  1  to  be  cut  off  by 
planes  eqnslly  inclined  to  the  constituent  faces;  2  rep- 

What  is  the  relation  in  the  doubly  obliqnc  prisniaiic  7  Hovr  monv 
ftxea  an  there  in  the  rfaombohedral  system,  and  what  is  their  relu- 
ttooT  In  what  itumner  mav  OTBtala  of  one  form  pan  into  ano&er, 
H      cube  into  the  octahedron  ? 
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Flu-  ITT. 


resents  an  increased  removal  of  the  same  Mod;  3^  one 
Rtill  farther  adpaneed. 

Sometimes  it  bappena  that  each  alternate  plane  of  a 
crystal  grows  at  the  expense  of  the  adjacent  one,  giviug 
rise  to  Jiemifieilrcd,  or  half-aicSed  crjatals,  as  is  shown  in 
Msi.  ITS,  ■\v)iicLi  represents  tlio  tetfahedron,  arising  in 

Fig.  173. 


this  manner  from  the  octahedron  by  the  growth  of  each 
alternate  face.  1.  The  octahedron  partially  modified  ; 
2.  The  change  farthei  advanced  ;  3.  Tlio  tetrahedron 
completed. 

The  angles  of  crystals  are  measured  by  goniometers, 
Fis.ytH.  of  which  there  are  sever- 

al kinds;,  as  the  common 
goniometR]',  and  AVolIaa- 
ton'a  reflecliug  goniome- 
ter. Tliis  instniment  is 
represented  In  J^!^.  iVa. 
The  cryetftl  to  be  meas- 
m-Qcl,  f,  13  fixed  npon  a 
movable  Gnppoi  t,  (7,  which 
is  ill  connection  with  the 
hntton-headod  axis  oftho 
gonlometeVjO,  wLieh  pass- 
es through  a  larger  axis 
in  the  upright,  6,'  «  is  a 
divided  circle,  and  e  its  vomier,  which  ia  dxcd  immova- 
bly on  the  upright,  S. 

TliG  edge  of  the  ci-ystal,  which  is  formed  hy  tho  two 

Whjit  (ire  hamihedcal  cfyauls,  nud  how  are  tliey  produced  ?  Dti- 
icribo  Ihe  reflecting  goniometer. 
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faceB  ivhoso  incliuatioii  ia  to  be  moasiivcd,  is  to  to  set 
parallel  to  tlie  axis  of  the  inBtvnmcnt-;  nnd  having,  by 
nieaas  of  tlie  button,  o,  turned  tlie  crystal  untO  some 
definite  object,  sucb  as  tile  bar  oS  a  window,  ia  seen  iia- 
tiiictly  rcflucted  ti'oiii  it,  the  larger  rallied  limnd  ia  turned, 
ami  ivitl]  it  tbo  divided  circle  and  cvystnl,  until  the 
siime  object  is  again  bccu  by  reflection  I'rom  tbe  aecoud 
face.  The  angle  through  which  the  great  circle  hae 
moved,  eubtractod  from  180°,  gives  the  angle  ioeludcd 
betweea  the  two  cryelalline  faces,  or  their  iucliiiation 
to  each  other. 

As  a  general  rule,  the  earns  substaiice,  crystallizing 
TiDder  the  same  circumstances,  will  produce  crystals  be- 
longing to  the  same  system.  Cases,  however,  are  kn  own 
ill  which  tho  same  substance  belongs  to  different  sys- 
tems. Thus  sulphur  will  crystallize  in  rhombic  prisma, 
and  nlao  rhombic  octahedrons.  By  dimorphous  bodies 
we  therefore  mean  anbstancea  ■which  will  afford  cryatola 
b-elonging  to  two  different  syBlems. 

Dimorphism  is  frequently  connected  with  iho  tem- 
perature at  which  the  crystals  were  produced.  Thus 
carbonate  of  lime,  afc  ordinary  temperatures,  yieMs 
rhomb ohedroos,  lint  at  tba  boiling  point  of  water  right 
rhombic  prisms ;  and  with  this  difference  of  form  a  dif- 
ference of  chemical  qualities  may  occur;  the  deutosub 
pbide  of  iron,  for  exaraple,  cryBtaliizos  in  cubes  which 
■  remain  unacted  upon  by  water  or  air  j  but  !n  the  right 
rhombic  form  it  undjBrgoea  rapid  oxydation  ia  mui&t 
air,  producing  sulphate  of  iron.  Commonly  one  of  the 
forms  of  a  dimorphous  body  is  less  stable  than  the  other, 
and  if  the  transition  takes  place  abruptly,  it  is  some- 
timcB  attended  by  a  ilaali  of  light. 

It  was  discovered  by  Mitsch'^rUch  that  when  different 
compound  bodies  assume  lhc3  Karae  form,  we  ave  olten 
able  to  trace  a  remarkable  analogy  in  their  chemical 
composition.  Thus  the  chloride  of  sodium,  the  iodide 
of  potassium,  the  fluoride  of  calcium,  etc.,  ciystallize  in 
the  first  system.    These  snbsLances  are  all  cottsti tilted 

kjJics?  Whai  effect  Las  teiiiperniiirc  on  tho  I'arraalion  of  crystftls? 
WliBt  connci'Ctjon  is  tliBre  benrecn  ctieniical  quulitiea  and  dimorph- 
ifm  ?  Wtiat  relnlLon  is  there  in  tlic  furm  and  composition  of  iodide 
of  potnaaiaiii  and  ehliiHde  of  sodium? 
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npon  a.  common  type,  in  wliicb  ive  have  one  atom  of  a 
metal  uiiilcii  to  mie  filom  of  iin  elGctro-LiGgalive  radical ; 
or,  taking  M ua  tlie  getiei'nl  symbol  for  the  lu^tals,  and 
M  for  tliu  electro-negative  railicals,  tiig  clasa  is  consti- 
tuted iipou  the  type 

and  tliererefoi'a  ineludea  euch  bodies  as 

irCl ,.mCl..  JlBt . . KF. . CaF. .Am  CI...,  Etc. 

Such  substaucGs  are  called  isomorplious  bodies,  aucl  tlio 
designations  iaoinorplioua  elements,  igomoi'phoiis  groups 
are  used,  being  derived  from  id-oc,  eqniil,  fioftipij,  form. 

Let  MB  late  a  second  more  complieated  case.  The 
formula  for  comnioQ  akiiE,  the  sulphate  of  alumina  and 
potasli,  is. 

Ammonia  nlum  is  AmO,  A'tJj+v!/,  0„  S^'0^+2iItO 
CliTomo  alam  ia  A'O,  SOj  +  Cr,  0^,  SSO,  +  3iHO 
Iron  olnip  is        A'O,  S0,-i-Ft,0„S'S0,-i-2iH0 

And  in  the  same  way  an  extensiyu  family  of  alimis  may 
be  formed  by  tlic  substitution  of  a  limited  number  of 
various  other  bodies  comprised  in  tbo  general  formula, 

in  'whicli  m  represeiits  any  metal  belonging  to  the  po- 
tassium group,  aud  JlfsTiy  one  belonging  to  the  alnmi- 
num  group. 

All  thege  aliiraa  cvystallizG  ivilli  tlio  same  form,  and 
Buch  illustraliona  ailbrd  hs  reason  to  believe  that  that 
eimilariiy  of  form  is  due,  in  a  great  measure,  to  the 
(rron^^ing  or  orroj)  .i/enj^ji  of  the  constituent  fitoms;  that 
in  a  cornpoimtl  molecuie  the  substances  inhich  ciin  re- 
place om  anotliar  withotit  giving  rise  to  a  change  of 
external  fnTin  must  fiavs  certain  relations/ilps- to  each 
other.     We  call  ihem,  therefore,  igomorjihous. 

From  the  exlenial  forms  of  bodies  ive  miiy  next  turn 
to  their  internal  constitutions,  callinp  to  mind  what  hflS 
been  already  observed  in  Lecture  XSXV.,  tbat  identi- 
ty of  compoBilion  by  no  weans  implies  identity  of  cbar. 
aeter.    Two  siihstanees  may  be  compoppd  of  tbe  Game 

Wliy  nrc  ihojr  called  isnmorpUoTia  bojicn?  Give  un  PXQtnple  of 
isomarpliism  in  tlio  caao  of  llio  alitma.  Wlifti  gunernl  coDcluaion 
iDn;^  be  drawn  froin  tli  use  facia  1 
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elementg,  united  in  Ibe  same  proportions,  and  yet  be  to- 
tnlly  unlike ;  aud  it  ia  obvious  tunt  lliiS  may  be  due  to 
two  diftVjrent  causes;  Ist.  Diflerence  of  grouping ;  2j. 
Difference  ia  the  absolute  number  of  atoms. 

Diilcreuce  of  grouping  I  liavG  already  explained  in 
the  lecture  jnsb  quoted  ;  antl  witli  i-espoct  to  difference 
in  the  absolute  number  of  atoms,  the  effect  ia  obvious 
fi'om  an  example.   Thus  we  have  as  the  constitution  of 

AldcTirdG  C.U^O^ 

Acetic  Edier.  C\y,Ot 

And  tliese  bodies,  if  analyzed,  would,  of  course,  yield 
pri;cisely  the  same  proportions  in  100  parts,  the  true 
dift'ereiiee  being  that  the  atom  of  acetic  ether  couiaina 
twice  as  many  constituent  atoms  as  that  of  alduhydo, 
and  is,  therefore,  exactly  twice  as  heavy,  though  equal 
wcighta  of  the  two  will  yield  equal  quantities  of  tiiuir 
constituents. 

To  these  peculiarities  the  term  isomerism  is  applied, 
and  by  isomeric  bodies  wo  mean  bodies  eonaposod  of 
the  same  elements  lu  the  same  proportion,  but  differing 
in  properties.  When  isomerism  arises  fi'otn  dificrence 
in  grouping,  the  bodies  are  Baid  to  be  tnetamei-ic ;  and 
when  it  arises  i'rom  difference  in  the  absolute  number 
of  atoms,  they  are  called  polymeric. 

There  is  a  third  cause  which  gives  rise  to  the  phe- 
nomena of  isomerism :  it  is  the  allotuopic  condition  qf 
elementary  bodies.  Carbon,  for  exan]i>lfl,  oxists  under 
a  number  of  diffoi-ent  forms;  we  hnd  it  as  charcoal, 
plnmbago,  nnd  diamond,  TEiey  differ  in  BpcciRo  gravi- 
ty, in  Bpewtie  heat,  and  in  their  conducting  power  as 
respects  caloric  and  electricity.  In  their  relatioQS  to 
light,  the  first  perfectly  absorbs  it,  the  Bccond  reflects  it 
like  a  metal,  the  tbird  trauBinitft  it  like  glass.  In  their 
relation  to  oxygen  they  also  differ  surprisingly;  there 
arc  varieties  of  charcoal  that  spontaneonaly  take  fire  in 
the  £ur,  hut  the  diamond  can  only  be  burned  in  pure 


What  two  cnnsM  tnnj  pive  to  bodies  oftlio  same  compoBiiion  <lif- 
furent  characters?  Give  na  exnmple  of  the  effect  of  differeace  of 
IhL'  absoluM  ijiiinhpr  :if  atoms.  Wliat  ia  mpfinC  byisomerisni?  Wiint 
aro  tnetnnieric  nm!  (lolymeric  liodica?  What  ia  meant  by  tho  nllu- 
tropie  condition  of  bodies?    Wli&t  oltotropic  states  does  carbon  pre- 
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oxygen  gas.  The  seeontl  nnd  tliird  vanQties  do  not  he- 
loDg  to  the  saniG  cryatalline  Ibi'iu. 

It  is  BOW  known  tliat  n  great  many  elcmGntary  buTj- 
atanoes  arc  affected  in  tins  manner.  Prol'essoi-  Draper 
showed  iliat  this  is  th*  case  with  chlonne  gas,  which 
changes  iitider  the  infiiieiice  of  the  indigo  raye  (PMo- 
sophical  JtfaifaziDe,  July,  1844).  In  the  same  manner  it 
Laa  been  long  known  tliat  iron  exists  in  two  states: 
1st.  In  its  ordinary  oxidizahle  state;  2d.  In  a  condition 
in  which  it  sitanlaies  tine  properties  o-f  plaliniini  or  gold. 

There  can  be  no  doubt  that  these  peculiuritics  aie 
carried  by  these  bodies  when  they  unite  to  form  com- 
pounds; thus,  for  example,  if  carbon  and  hydrogen 
unite,  it  is  poaaiblo  wo  may  have  three  different  com- 
pounds  ;  One  containing  charcoal  carbon,  a  second  plum- 
bago carbon,  a  third  diamond  carbon;  or,  if  wo  desig- 
nate tliGBC  respectively  as  t'n,  Cfl,  Cy,  we  may  have 

and  perliapa,  as  JL.  Dlillon  lias  BUggested.,  carbureted  hji 
drogen  gas  and  otto  of  roses,  which  have  the  same  con- 
stitution, differ  in  the  one  containing  charcoal  and  the 
otlier  diamond. 

These  pecnhnritiea  ai-e  known  under  the  name  of  allo- 
tropic  states,  and  the  plienomenon  itself  under  the  des- 
ignation of  allotropism. 


LECTUBE  XXXVni. 

CiiEMicAL  Affuhty.  —  I'liCHomaia  accompamiing 
C/iemieal  Affinitif. — Disturbance,  of  Tcmpi.tra(i/re. — 
I^rod'iiction  of  Light. — JJoohciion  of  HkHrivhi/. — 
Chaii  fie  of  €qI(»; — Change  of  J'''ofW. —  Change  of 
Chemipol  Pro2>ei'ties. —  Change,  of  Volnme  and  lien- 
st/if. — -Tahlea  of  Geoffi'oi/. — Measure  of  .AjfimCj/. — ■ 
I>islwbmg  Causes. — Catalysis. 

Ey  chemical  affinity  we  mean  the  attraction  of  atomg 
ofa  diss-iinilar  nature  for  each  other,  an  attraction  wMch 
la  exhibited  upon  tho  apparent  contact  of  bodies. 

llav)  mny  an  nllotropic  chjince  Lc  irapi'esseil  on  clilorincf  Wliat 
flro  tlie  nilotropip  stoiea  uf  iron  ?  Are  the  [leeiiliitrilicg  continued  in 
their  «inipciuiida?    Wlmt  is  m<)B.nt  Lj  clicmicAl  nfflnity  ? 
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There  ave  certain  sLviliing  plienoiaena  which  very  fre- 
quently acconipniiy  cheiDicnl  action.  Tticy  are  the  evo- 
lution of  Light,  Heat,  and  Eleets'icity  ;  and,  as  rusfjects 
the  bodies  eiigageil,  they  mny  exhibit  changea  of  color, 
of  form,  of  vohime,  of  density,  or  of  theiv  cLemicnl  prop- 
ei'tiea. 

If  in  a  glass  vessel,  a,  Fig.  180,  a  mixture  of  Htrong 
Bulphurio  acid  and  water  be  stirred  togother  p,p.,Bo, 
by  means  qf  a  tube,  A,  contaiuing  Boine  siilpliiii'-        j /a 
ic  ether,  so  mueh  heat  will  be  evolved  by  the  c^^^T^ 
acifl  and  water  as  they  unite,  that  the  ether 
will  be  made  to  boil  rapidly. 

If  upon  some  water  contained  in  a  shalloiv 
dish,  iPig-  181,  a  piece  of  potassiurn  he  thrown, 
the  potasaiiim  decomposes  the  water  with  Fig.isi. 
tho  evolution  of  a  beautiful  lilae  flame, 

Aa  respects  the  evoliilion  of  electricitj- 
duriug  chemical  action,  the  Voltaic  bat- 
tory,  and,  indeed,  all  Voltaic  comhinations, 
Ri-e  examples.  In  tho  sinipls  circle  wu 
have  already,  in  Lecture  XXIX.,  traced  the  prodiictiou 
of  eleclrieity  to  the  decom position  of  the  wntcr. 

We  have  observed  thai  the  evolution  of  Light,  He^t, 
AMB  ELEcrmciiY  is  not  ihc  only  phenomenon  to  be  re- 
TUflvked  during  tho  play  of  chemical  affinity ;  the  ponder- 
able substances  themselves  uDdcrgo  ciianges. 

If  in  a  glass  containing  litmus  water  a  drop  ofanl- 
phuilc  acid  be  |)ouretl,  the  blue  color  of  the  Uitmis  is  at 
ouce  changed  Co  a  red,  and  if  into  the  rcd-lctied  liquid 
BO  produced  a  little  aniraouia  be  poured,  the  blue  color 
is  reHtorod,  This  simple  experiment  is  of  considerable 
interest,  for  the  reddening  of  litmus  is  commonly  re- 
ceived as  one  of  tlia  attributes  of  ucid  bodies,  and  the 
restoj'ation  of  the  blue  color  of  thoae  belonging  to  the 
alkaline  type. 

On  adding  to  a  solution  of  sulphate  of  copper  a  small 
quantity  of  ammonia,  a  pale  green  precipitate  is  thrown 
down;  a  greater  qnantity  ot" ammonia  rcdissolvea  this 
precipitate,  and  gives  rise  to  a  eploiidid  purple  solution. 

Whnt  phcnntnena  HCcbttipsnj  cherui-siil  fitlian  ?  What  chnngeB 
nrc  exhiliiteJ  by  the  bodies  engaged?  Giso  examples  of  tlie  evolu- 
tion of  healj  ligliE,  nod  eleeL]ii:ii^.    Give  exmnjiles  uf  ehBIlg<^s  uf 
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Asimilav  Eolulion  of  eulphatc  of  copper  gives  vise,  un- 
der tlie  aoli&n  ofa  solutinu  of  ferrocyanide  orpotaBstuui, 
to  a  deep  chocolata-colofed  precipitate. 

A  solution  of  ibo  nitrate  of  lead,  which  is  colorless, 
acted  ouby  a  solution  of  iodide  of  potassium,  also  color- 
less, gives  rise  to  the  pToduction  of  a  tGauciful  yellow 
precipitato,  the  iodide  of  IcslH. 

And,  lastly,  if  auiphuric  ftcid  be  placed  in  a  solution 
of  a  sol  iible  gait  of  lead,  or  of  baryta,  a  wlnte  precipitate 
at  once  goes  down. 

These  are  all  instances  of  changes  of  cofor,  and  such 
changes  are  of  the  utiuoBt  importance  in  practical  cbera- 
istry,  inasmuch  as  the  art  of  tesLiag  depGiids,  for  tljB 
most  pnrt,  upon  a  knowledge  of  them. 

Changes  of  form  in  the  same  raanner  are  exhibited; 
thus,  when  gunpowder  explodes,  a  largo  proportion  of 
the  ingredients,  from  being  in  the  solid,  escapes  in  the 
gaseous  state.  If  upon  fragments  of  chalk,  carbonate 
of  lime,  we  poor  hydrochloric  acid,  a  violent  effei'vcs- 
cence  takes  place,  due  to  the  escape  of  carbonic  acid, 
u-hicb,  from  being  in  tho  solid,  assuniea  the  gaaeona 
form. 

The  converse  of  tliis  is  sometimeB  seen,  vapors  pass- 
ing into  the  solid  state.  In  the  glass  a.  Fit/. 
182,  place  some  strong  hydrochloric  acid,  and 
in  b  some  .strong  ammonia ;  both  these  bodies 
yield  vapors  at  ordin.iry  temporatiires  in  abnn- 
danue,  and  those  v^ipovs,  luoetiiii^  in  the  air 
over  the  glasses,  give  vise  to  n  denso  fume,  or 
smoke,  which,  if  examined,  proves  to  be  solid 
S3.1  arorDouiae. 

Very  often  change  of  form  ia  accompanied 
by  change  of  color ;  thus,  if  under  a  large  belt 
jar,  I^ig.  183,  there  bo  placed  a  wine-glass 
containing  a  few  copper  or  iron  nails  and  ni- 
tric acid,  a  gas  of  a  deep  orange  col  or  makes 
its  appearance,  filling  the  whole  bell. 

Perhaps  no  better  instance  of  an  entire 
(change  of  properties  could  be  cited  than  th.it 
of  the  conibn8tion  of  pliosphonis  in  atmospheric  air. 


On  whnt  Aooa  (he  nrt  of  Misting  depend?  Give  an  example  of  ihe 
prodiictiDn  of  a  gns  from  a  eolid,  nnif  of  n  so-Iid  from  gases- 
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This  siibatancfi  pTiosphoras  is  a  tody  of  a  ■waxy  appeal- 
ance,  poBsesaing  so  gyoat  a  degree  of  «oni- 
buatibiiity  tliat  it  reqiiirea  to  be  kept  un- 
der the  surface  of  water  to  prevent  ihe 
action  of  the  air.  If  a  piece  of  it  he  set 
on  fire  beneath  a  clear  and  dry  b-ell-jar, 
.18  shown  in  Fit;.  1 64,  it  rinitce  with  greut 
energy  with  tlie  oxygen  of  tho  incliitleit 
sir,  pi'odiiciiig  wiiite  ilakes,  wbicli,  as  the 
coaibustion  is  ceasingy  descend  ia  the  jar, 
giving  a.  mijiiature  reprtsentalion  of  a  fall  of  snow.  On 
coliiicliiig  BOiiiu  -of  this  phosphoric  siioiv,  its  properties 
will  be  found-  to  he  in  striking  contrast  with  the  phoH- 
phorua  whieli  produced  it ;  for  instance,  fiir  from  being 
unatted  on  by  water,  it  has  euch  an  inteneo  affinity  for 
tliat  Bubstiince  that  it  biases  liko  a  red-hot  iron  when 
brought,  ill  contact  witb  it.  If,  reddens  litmus  solution, 
and  possesses  the  quahties  of  a  powerful  acid.  Nor  is 
the  change  confined  to  the  pboaphorua;  if  we  cxaiaina 
tbo  air  in  which  it  was  burned,  we  find  it  has  lost  its 
quality  of  supporting  combuGlion. 

Changes  of  volume,  and,  conseqitontly,  cbangeB  of 
density,  constantly  attend  chemical  action;  a  pint  of 
water  and  a  pint  of  aulphurie  aoid,  mixed  together, 
form  leS3  thaw  two  pints ;  and  tho  Bame  may  be  ob- 
served of  alcohol  and  water. 

Wlieu  to  two  Bnbstances  already  in  union  a  thircl, 
having  a  stronger  aiHnity  for  one  of  the  other  two,  ia 
presented,  decomposition  ensues.  Thus,  if  to  the  car- 
bonate of  Boda  nitric  acid  be  presented,  the  sods  and  ni- 
tric acid  combine,  and  the  carbonic  aoid  is  driven  off  in 
the  form  of  a  gas.  And,  ngain,  if  uppn  tbo  nitrate  of 
soda  BO  produced  sulphuric  add  be  poured,  lEio  nitric 
acid  is  driven  off,  and  sulphate  of  aoda  results.  It  was 
at  ouQ  time  thought  tbat,  by  examining  a  number  of 
such  cases,  we  might  discover  the  order  of  affinity  of 
bodies  for  one  another  and  arrange  tHiem  in  tables; 
tbeae  are  sometimes  called  the  Tables  of  (jeoffroy. 
Tbus  the  table 

WLat  are  t!ie  cluLngea  whirh  phosphorus  undergoes  whan  buunei! 
in  the  air?  Oive  nn  psiimplu  of  change  of  Toliimo  and  tif  density. 
Under  whiit  i-irfiiiiiatnt«rc>a  do08  decomposilion  take  plaeo?  Whiil 
are  Ilia  Tables  of  <Jeoll'K')'  ? 
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Sodii. 

Sulphuric  Acid, 
Niiric  " 
Hydrochloric  "■ 
Acetic  ' ' 

Carbonie  " 

presents  ns  with  the  order  in  wliich  a  uuiiilDev  of  aeicls 
stand  ill  reJation  to  soda,  tbe  most  powerful  being  the 
first  on  the  list,  and  the  salt  ivhicli  reaiilte  from  ttie 
uDioii  of  any  oeg  of  those  acids  with  the  Boda  can  be 
deconi|}osed  by  the  use  of  any  other  acid  standing  high- 
er Oil  the  list. 

But.  it  is  now  known  that  those  tatlcs  are  fur  from 
represontlng  the  order  of  affinities;  a  weaker  affinity 
ofiEu  overcomes  a  Btronger  by  reason  of  tlic  interven- 
tion of  distrirhiiig  extrancouB  causes;  and  tahles  so  con- 
Btnictecl  lead,  therefore,  to  contriLdlctory  conclusions. 
Some  very  simple  considerationB  may  illustrate  this. 
PotJissinm  can  take  oxygen  from  carhon  at  low  temper- 
atnres,  or,  in  other  worde,  decompose  tiarbonlc  odd  gag, 
but  it  by  no  means  follows  that  llie  affinity  of  potassium, 
for  oxygen  is  greater  than  that  of  cai'bon,  and  aecoi'd- 
ingly  wc  find  that  at  higher  temperatures  carbon  can 
takG  oxygen  from  potassium.  ladeod,  under  the  influ- 
ence of  heat,  hght,  and  electricity,  we  find  all  kinds  of 
chemical  changes  going  on,  and  ic  the  same  luauuer  the 
condition  of  form  exerts  a  remnrkable  influence  in  these 
reapecta,  60  that  oohesioi]  and  elasticity  may  he  placed 
auioiig  the  predisposing  causes  producing  chemical  re- 
Bnlta.  If  a  number  of  bodies  exist  in  a  sulutioii  togeth- 
er, thoy  vi-il!  at  ouco  nrrange  thcmBelves  in  sudi  a  way 
under  the  inilnencc  of  cohesion  as  to  produce  insoluble 
precipilatGP,  if  that  be  possible ;  or,  under  the  influence 
of  elaaticity,  to  determine  the  evohilion  of  a  gas;  if  the 
carbonate  of  soda  be  decomposed  by  acetic  acid,  it  by 
no  means  follows  that  the  latter  has  the  stronger  affinity 
for  soda,  the  decomposition  being  probably  determjiied 
by  the  fact  that  the  carbonic  ocid  can  take  on  the  elas- 
tic form  and  escape  aw.iy  as  n  pas.    The  eulphatc  of 

How  may  it  be  shown  llint  llicsc  ore  not  il'c  laMoa  of  nffljilij-? 
Whnt  inny  be  enumpratcd  nnionc  ilnesc  liistiirbiBB  coubps?  Whai 
iliC  influctico  of  cobcaiaD?  Wlisl  is  the  influence  of  claatidrvf 
e  examples  of  Iho  ftciion  of  iliMe  dieiiirliinf!  ngencics? 
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soda  may  be  decomposed  by  baryta,  tbe  cause  of  the 
decomposition  being  probably  dae  to  coheeion,  for  the 
snlphate  of  baryta  which  results  is  a  very  insoluble 
body.  We  have,  therefore,  no  true  measure  of  affinity, 
for  tbe  relation  of  bodies  in  this  respect  changes  with 
external  conditions,  and  the  Tables  of  Gteoffroy  are  only 
tables  of  the  order  of  decomporitions,  bnt  not  of  the  or^ 
der  of  affinity. 

Catalysis  is  a  term  which  was  first  employed  by  Ber- 
zelius  to  expl^n  those  oases  in  which  two  bodies  are 
caused  to  unite  by  a  third,  which  itself  suffers  no  change. 
This  is  also  call^  action  by  presence.  In  the  produc- 
tion of  oxygen  from  chlorate  of  potassa  and  black  oxide 
of  manganese,  the  latter  substance,  while  it  causes  the 
action  to  go  on  at  a  lower  temperature,  itself  remains 
unchanged.  In  the  same  manner,  platinum  black  will 
cause  the  unioji  of  hydrogen  and  oxygen. 

What  do  the  Tables  of  Geofiroy  express  t  Wliai  ia  meaot  b;  cat- 
alriia?   Give  ezomplea. 

K 
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INMimATiudiiciiKBTnY. — Ancie*it  Opinions  on  the  Con- 
fitituUin*  <j'<w(«. — l>oflriiti  of  the  Unit;/  ofl/tn  Air. 
■  huMimiiif  Ih'oa-jh. —  TOb  Giisomvter. —  The 

Jlr'cii'utHul  Trough. —  OxYiina. — Mmlea  of  Prepnra- 
-J'rojHrlief, —  Oriyin  of  He  Nixim, — Rduttojis 
to  Atmo9jfhcrio  Air  mui  t'oinlniHion. — Burning  of 
Jletuta. 

"hi  t.lm  oiiUilogue  of  the  olemetitary  bodiaa  of  the  an- 
oIdiiIn  I'ltur  HiibciiuiKtvii  wure  uiiuiut^rulutl — flartb,  air,  fire, 
uii>l  wul.111'.  Ot'lhi*is  thitje  !ir«  uow  known  to  be  com- 
jiuuijJa,  mill  till)  tbiiilh  a  statu  into  wliich  bodies  are  oo 
uitaiiJiijhl lliruwii.  Alotleru  rest^ni'cbeahaveslioivii  tbaC 
lliui'u  nru  nboiit  tin    lt't:rvi]t  tileiueots. 

I;W  li  luiifitli  ol'  liiiiu  it  was  isiijipwaed  tbat  the  \,iriouH 
axhiiliitiiMia  iiuU  Yiipui'ct  weru  uolhiiig  uiure  tbiui  vitiated 
foriun  of  Minwatihovit)  air;  auJ  tboiigh,  from  time  to 
Uinu,  Kt'sb  uuu  ami  tliuu  anotlier  of  the  soseoiis  bodies 
>VUH  ilit4covt)i'v<3,  clluiuiet9  wcro  slow  to  aaniit  tiiat  they 
wt'iy  wiiy  tiling  luoro  tlian  modi tiualioutt  of  oue  common 
[•I'iin'ijilo.  Tliurt  Uo^i"  liiiooii,  ill  tlie  thirleentli  centu- 
i¥,  diiwvurutl  tftiv  of  th«  curburets  of  hydrogen,  and 
Viii]  Ik'liiiont,  in  itio  sixttjenih,  i-iirboniL'  add.  The  in- 
vimlnlily  uf  tliwHo  l)odie8 — their  reniarl<a.ble  chemical  re- 
liitiyiif*  ill  o-xtiii^iiiphitifj;  ttaIu^.■  ami  produdiiG;  death — the 
jji'out  meL'lianiciil  furw  to  uhich  they  often  gave  rise 
when  i;i;ni'i-:iti?d  in  [n't)t.-tip  vi-ssels — tlieir  occoiT^oce  in 
ttilitrv  til''  hiitioiu  iif  wcilsj  in  iL-hiirfh-yards,  aud  looely 
pi  .  d  ro  ti  superstitions  iiiitida  supernatural 

<    I      III  lltdtuonC  gave  th«.'iu  the  Dame  of  gas, 
Micnilii't  n  ghoat  or  spirit. 

•m.  wi-r*  rvrmrrl.r  hi-IJ,  rosjiM'tiiiE  the  difitreal  gases? 
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But  it  is  to  tho  rcsearclies  in  tho  ]>ropertlea  of  fixed 
air,  or  cai-bcinie  auul,  ivliich  Black  made  in  1757,  that 
pnenmat.ic  cLcmistry  owns  its  origin.  Tliese  iveru  soon 
followed  by  t]ic  discoveries  of  Priestley,  Sclieele,  and 
otliers,  Tliat  of  oxygen  gas  by  the  ibrmer  of  theso 
philosophers  in  IVtl  foruver  destroyed  tlie  aut-ient  no- 
tion of  vitiated  airs,  for  this  gas  can  supjiort  couibustioa 
and  rcspirallon  far  better  lliun  the  ntraospliere.  Il  may- 
be Baid  tliat  modern  clieruiKtry  dates  its  origin  from  the 
discovery  of  oxygen  gas. 

For  tbe  purpose  of  confining  gases  and  manipidaling 
with  ihem,  a  eonlrivance  of  I'riostlcy'H,  tbe  iHienni.atio 
tvougii,  Fiff.  1S5,  is  of  contitinal  nse.    It  consists  of  a 


FiQ,  1S5. 


water-tight  trough  or  boy,  in  whicli  a  eliolf  13  placed  at 
a  distance  of  an  inch  or  more  nndcr  the  level  ol'thc  con- 
tained writer.  The  jars  lo  hold  thft  gases  are  filled  willi 
water, and  placed  moiilh  downward  011  this  ahelf.  When 
gas  is  disengaged  from  materials  contained  in  a  retort, 
the  end  of  the  retort  neclr  is  caused  to  project  nnder  tbe 
month  of  one  of  tbe  jnrs,  and  the  gas  rises,  bubble  by 
bnbble,  eventually  filling  tbe  jar.    When  that  is  accom- 

By  whom  wna  the  dortrinn  of  tlie  plurnlity  f)?  giLsca  rsInWiahetl?' 
yitio  inv-^nted  the  piieumaiic  Iroitgli  ?  Duiimbc  ix.  Jlow  nra  the 
jam  eUedr 
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Iiraited  ty  llie  espeuse  and  weight  of  the  qnicksiE- 
ver. 

OXTGEJI.     0  =  8. 

Oxygen  gas  ia  protably  tbe  most  abundant  of  the 
eletaents.  It  coustitntea  about  one  tliinl  of  the  weight 
of  tbe  solid  mass  of  the  earth,  «ight  uinllia  of  that  of 
the  waters  of  the  sea,  and  one  lifth  of  the  volume  of  the 
ail'.  A  fiimple  mode  of  preparing  oxj-genis  to  place  ia 
a  retort,  a^Fig,  188,  some  red  oxide  of  mercury,  con- 


nectlng  M  ith  the  retort  a  recr?ivier,  J,  from  which  there 
passes  .1  bciiit  lube,  c,  dipping  below  the  water  of  a  piieu- 
malic  trough,  g.  On  raising  the  temperature  by  a  lamp, 
the  oxide  is  decomposed  into  metallic  merciify  and  ox y- 
geo  gas ;  the  former  distills  into  the  receiver,  b,  aud  tho 
latter  collects  in  the  inverted  jar  in  tho  trough.  This 
was  tho  process  resorted  to  by  Priestley, 

It  may  also  bo  readily  procured  by  heating  in  a  flask, 
<T,  Ftg.  I8fl,  a  mixture  of  1  part 
of  peroxide  of  manganese  and  3 
parts  of  powdered  chlorate  of  po- 
tassn.  Ti>  the  mouth  of  the  flask 
a  tnbe,  S,  is  adapted  by  menus  of 
a  tight  cork,  the  lower  end  of  the 
tube  dipping  beneath  a  jrir,  f,  on 
the  pneumatic  trough.  On  rais- 
ing the  temperature  of  the  flask  by  a  spirit-lamp,  o.xygeti 
is  freely  evolved.  It  ia  derived  from  tho  chlorate  of 
pptassa  altOECether,  tho  peroxide  of  manganese  merely 

Whnl  limits  ita  siic?  In  what  bodies  ilocs  oxygen  oecurj  De- 
scribe in  prepcjution  from  lotl  osida  of  mercury;  from  cLlorftte  of 
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acting  by  preBCiice  (catalysis).    The  cliaa^e  is  as  fol- 

tli.U  is,  cMoi-idB  of  ijotasaium  aiiaca,  and  six  atoms  of 
osvgeii  are  given  oil'.  One  ouiiGe  of  tlie  dilorate  will 
^'idii  about  twogallona  of  tlic^ns.  A  mixture  of  chtor- 
Sne  of  potaasa  wiih  one  teDth  its  weight  of  Besquioxide 
of  iron  also  yielda  oxygen  with  facility  and  at  a  low 
temperature. 

On  a  large  scale  oxygen  is  prepared  by  heating  per- 
oxide of  manganese  {Mii  0^)  to  a  red  heat  in  a  wrought 
iron  bottle  or  retort.  One  pound,  if  pure,  will  yield  Kve 
gsillona  of  the  gas,  the  manganese  parting  ivith  about 
one  third  of  its  oxygen. 

It  may  iilso  be  produced  by  heating  a  mixture  of  bi- 
cliromate  ofpotassa  and  sulphuric  acid,  or  peroxide  of 
jnangatiese  and  sulphuric  acid. 

0.'<ygen  gas  may  be  procured  directly  from  tlie  at- 
mosphere by  the  aid  of  baryta.  If  a  current  of  air  con- 
taining a  &mall  iimount  of  water,  and  iVce  from  caibonic 
acid,  be  passed  over  baryta  heated  to  a  low  rednef  e,  it 
absorbs  oxygen  and  becomes  peroxidized.  /.Tier  a  lime 
the  current  of  air  is  to  be  shut  ofl  and  the  li.nipcrature 
raised,  -^vheii  th-e  baryta  is  reduced  again  to  the  condi- 
tion nf  protoxide,  an  j  oxygen  is  given  off.  The  operft- 
tioii  lu.iy  then  be  repealed.  .  A  pound  of  baryLa  will 
yield  nine  gallons  of  pnre  oxygen  gas. 

This  gas  can  also  be  obtained  by  paseing  the  vapor 
of  Bnlplinric  acid  through  a  porcelain  lube  beatecl  to 
redness.  The  products  are  oxygen,  water,  and  sulphnr- 
ons  acid.  Thii  sulphurous  acid  ia  removed  by  pnssiug 
it  through  a  solution  of  carbonate  ofeoda,  snlpluie  and 
bianlphite  of  soda  arising.  The  latter  is  valuable  in  tho 
arts  for  the  removal  of  chlorine.  A  fluid  ounce  of  snl- 
plmrie  acid  produces  3(i0  cubic  inches  of  oxygen. 

Oxygi?n  is  a  colorless,  iiiodorons,  and  insipid  body. 
It  ia  a  uon-coiidnctor  of  electricity,  and  has  the  least  re- 
fractive power  of  any  of  tlie  gases.  Iia  specific  gravity 
is  greater  than  that  of  air  iii  tlie  proportion  of  1.1057 
to  l.tifirt.    It  ift  16  ttmeJ!  as  henvy  as  hydrogen.  One 

Describe  its  prepfii'ivliun  fram  peroslJu  of  iiiH(iKan*f e.  How  ia 
oxjgen  prepared  hj  ihe  iiid  of  liarjfn:  nf  Bnl[iliuric  ncid  ?  Whnl 
are  its  leadinj;  ptij-sknl  |)toporties?    Wlial  13  ils  speciDc  grnvitj? 
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liundved.  enbic  inches  of  it  weigJi  34.24  grnins.  It  is  a 
powerful  (ilecti  o-iieg'ativc  clement,  and  is  tlte  most  mag- 
netic of  all  gasea.  It  liaa  never  been  condeiiBed  into  tUe 
liquid  form. 

It  is  sliglitly  soluble  in  water,  100  cutic  inches  of  wa- 
ter at  (50°  dissolving  3  cubiejnchcs  of  it.  Upon  tliis 
supply  iill  water-breatiiing  aaimals  depend  foi*  lie  aera- 
tion of  their  blood. 

Oxygen  is  a  neittrnl  gas,  not  altering  tlio  tint  of  blue 
or  reS  litmus  writer,  but  it  gives  rise,  on  uniting  with 
many  other  bodies,  to  pow^rl'ul  acida. 

Atmospheric  air  owes  its  power  of  supporting  com- 
bustion and  respiration  to  the  presence  of  oxygen.  If 
a,  slick  of  wood  with  a  spark  on  the  eud  tc  plunged 
into  this  gas,  it  bursts  out  at  once  into  ;i  flame.  A 
piece  of  tow  aatui'ated  with  ether,  if  inliamed  in  oxy- 
gen, causes  an  inteuae  combugtiou  throwgbout  tllQ  jar, 

A  lighted  taper,  JPit/.  100,  immersed  in  osy-  J'lj.m 
gen,  cousumea  away  rapidly,  the  wax  itself,  in  a  C 
melled  state,  burning  aa  wolL  as  the  wick,  Tho 
combustion,  however,  soon  cornea  to  an  end  and 
the  taper  dies  out,  because  of  the  production  of 
carbonic  acid  from  the  union  of  the  oxygen  with 
the  carbon  of  the  canLlle. 

If  »  piece  of  charcoal-bark  in  an  ignited  state 
be  put  in  a  vessel  of  oxygen,  Mcf.  101,  the  corabnetion 
is  grently  accelerated,  and  a  muftitudo  of 
scintillating  fragments  are  thrown  off. 
When  the  charcoal  dies  out,  a  little  lime- 
water  poured  into  the  vessel  and  shaken 
becomes  white,  from  the  production  of 
carbonate  of  lime  by  the  union  of  the  car- 
bonic acid  which  bad  arisen  during  the 
burning,  with  the  lime.  F/s-ioa. 

Siilphuf  bnrns  in  oxygen  with  a  bejiutifnl 
purpla  flame,  becoming  converted  into  sulphur- 
ous acid  {-^O^.  If  the  jar  be  placed  in  a  dish 
of  water  tinged  with  blue  litmus,  tiio  liquid 
will  gradually  reddon  aa  the  acid  ia  produced. 

Many  substances  commonly  regarded  as  in- 
combustible  burn  with  brilliancy  in  oxygen .  If 

Describe  its  effect  on  a  lighied  stick;  on  a  taper;  ou  charcoal 
bark.    Whnl  is  its  cIT'jct  on  liiirning  siil|iliiir? 
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molterl  phosphorus  ia  contained  ho  shnl- 
low,  thtj  entire  interior  ofthejiir becomes 
filled  with  llaming  phosphorus  vapor, 
and  the  effect  upon  tbe  eye  is  the  siiiuo 
as  that  caused  by  looking  itt  the  sun. 
The  white  flakes  which  fall  like  a  tninin- 
turo  snow-storra  in  thia  esperiiucut  con- 
sist of  phosphcriG  aoid  {PO^).  If  they 
are  scraped  from  the  inlenor  of  llio  jar 
and  dipped  into  wnter,  a  hi&sing  sound  is  htni'd,  cunsed 
by  the  iutenae  affinity  of  the  acid  for  water. 

Piecea  of  zine  foil  or  shavings  of  that  iiietnl,  if  lipped 
with  sulphur  and  iDtcodiiced  lighted  into  oxygun,  huni 
with  an  intense  green  light,  the  oside  of  zinc  (ZnO) 
being  formed. 

When  nny  combustible  is  burned  in  oxygen  two  plie- 
nomena  arc  witucssed — a  change  in  the  oxygen,  inid  a 
change  in  the  comhustihle.  A  piece  of  charcoal,  for  ex- 
ample, wnstea  away,  and  the  gas  in  which  it  is  burning 
loses  the  power  of  supporting  combustion.  Until  the 
time  of  Lavoisier,  it  was  supposed  thai  biiniing  was  dne 
to  tlie  escape  of  a  subsiaueo,  phlogifiton,  from  bodies. 
He  proved  that  there  is  no  loss  of  weight,  but  that  the 
products  of  coinhiistlon  weigh  just  the  Fame  as  the  cona- 
bustihle  and  oxygen  taken  together,  lie  supposed  that 
no  coTuhuslion  could  go  on  without  oxygen,  an  idea 
now  known  to  ho  erroneons,  for  many  eiihst.inces,  aa 
phosphorua,  antimony,  brass,  iron,  will  burn  in  chlorine, 
their  rospeelive  chlorides  being  formed.  Bi'omiDo  and 
vapor  of  sulphur  will  also  support  comhnslion. 

in  Lavoisief'a  system  of  chemifiiry  oxygen  was  re- 
garded as  being  the  essentia!  princijile  of  aeidlty,  and 
hence  received  its  name  (I'roin  o-3!us,  acid,  and  gennao, 
to  form).  But  many  acida  do  not  conlain  oxygen,  as, 
for  insLnnce,  hydrochloric  add  (IIC'l).  It  li.ia  since 
been  waid  that  there  was  no  strong  acid  which  did  not 
contain  hydi'ogen,  and  that  therefore  that  body  was 
more  truly  the  acid  former;  but  this  statement  is  also 
nntrue,  fluobovic  {SJF^)  and  fluoailicic  acid  ("Si'^g)  be- 
ing ilhiptrations, 

Describe  llie  biifning  "f  sim'-  What  tliangos  inke  I'lnce  in  iho 
oxygen  iind  tliB  buniluK  l^iOr  during  coinbustion?  VibM  ivtia  La- 
voisier's theory  of  c>DQibu3tion  F 
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-•he  necessity  of  Becuriog  a  fresh  supply  of  force-prod  uc- 
auw  raaturial. 

Tho  terma  supporter  of  combnetiou  ancl  combustible 
Sire  expressive  of  no  erroneous  idea.  No  BuLataDce  is 
3utribaicallj-  eitlei'  oim  oi'  tlio  other.  Hjdi-ogen  will 
Kiipport  llie  coiubustioH  of  a  jet  of  oxygen  Just  as  well 
SIS  oxygen  will  liiat  of  a  jet  of  hydrogen.  In  fact,  both 
Tjodies  are  equally  engaged  in  pfodacsng  the  result,  com- 
"Inistioii  ouJy  taking  place  oa  the  mutual  surface  of  con 
xact.  Oxygen  has  come  to  be  regarded  as  the  principal 
supporter  of  combtistioD,  because  most  combustloss  tnke 
;{)lace  in  Iho  air,  which  owes  its  activo  qualitisB  to  Lliis 

Aa  ordinnry  Harue  la  not  ineandes-  jy;?.  job. 

«ent  throughout,  hut  is  a  mere  Buper- 
iicies  or  luminous  shell,  as  may  be 

eeen  on  loworinp;  a  wire  gauze  down 

upon  it,  as  in  J^ig,  105.    In  eucb  a 

llanie  BevernI  distinct  parts  may  bo 

I traced.    ArounJ.  the  iviclc,  o,  Fiff. 
1 96,  at  the  points  i  i,  the  light  ia  of  a 
blue  colov,  for  here,  the  air  being  in 
excess,  tho  conibiietion  is  perfect.    From  this  toward  c 
the  combustible  matter  predominates,  and  tho  fvg,  im. 
light  is  most  intense.    A  faint  exteriov  cono,  JR 
e  e,  surrounds  the  more  lumiuous  portion,  but 
the  interior  at  i  ia  totally  darlc.   It  is  proba-  Alf 
bla  that  the  light  arises  chiefly  from  the  igni-  m  A  m 
tion  of  solid  luatter,  for  iQcandesceut  gasos  aro  IH  .1' 
only  faintly  lurainons.    The  liydrogcn  of  tfie 
tlaiuc  is  tirst  burned,  AoH  {ct  ft  moment  Ciirbon.  f^Vi^^ 
is  set  free  in  the  solid  fi.>rm  at  a  very  higlt  tcm- 
peratnre,  its  oxidation  instantly  eiasuijig.  Tha 
temperature  of  the  oxy-Lydrogen  tinfine  ia  Iffl^B 
8061°,  but  this  is  eurpassed  in  heat  by  tho  ^^^^ 
Voltaic  are.    The  colors  that  s-ubstancos  communicate 
to  flames  furnish  the  means  of  ascertaining  their  pres- 
ence by  spectrum  analysis  (Liicturo  XVIII.). 

A  given  weight  of  a  corahustible  always  yields  a  con- 
Btant  amount  of  heat.    It  does  Dot  matte*-  whether  tho 


W>iy  ai-c  llic  lerniB  HUpporler  of  combastiiun  aiiil  couibiistible  orro- 
neous  ?  Whut  ia  the  etruclura  of  a  flamo  ?  WJi/  io  ttic  diSoieill 
regions  of  o,  lamp  flnmc  differ  in  luminoos  powei'? 


combustion  be  accompliBlied  in  n  few  minntee  or  re- 
quires .1  year ;  an  jion  wire  }-ield3  as  mucli  Jieat  in  rDstr 
irg  slowly  as  iii  being  burnt  in  oxygcti.  A  fixed  <)uan- 
tity  of  oxygen,  can  only  produce  a  certain  amonirt  of 
heat,  but  different  combuelibLes  require  very  different 
proporlions  of  it  to  efi'ect  tlieir  complete  burning.  One 
pound  of  bydrogen  requires  8  pounda  of  oxygen;  one 
of  sidphuvonly  1  of  oxygen. 

TLe  moat  frequent  prodncts  of  oxidation,  both  in  an3- 
inala  and  fl^mc,  ore  carbonic  acid  and  water,  aud  it 
might  be  supposed  tliat  tli^eae  would  eveiiliially  aecu- 
midatc  iu  the  air  to  such  an  excess  that  iiviag  beings 
could  uo  longer  exist.  Plants,  however,  continually  cor- 
rect this  tendency.  They  take  those  oxidized  productgi 
decomposQ  them  under  the  influence  of  the  yellow  ray 
of  light  (a  fact  shown  by  Professor  J.  Draper),  ap- 
propriate their  carbon  and  hydrogen,  and  set  the  oxy- 
gen free  once  more  to  run  the  sanie  course.  Thia  de- 
oxidiaing  power  of  vegetable  mfitter  was  discovered  by 
Priestley,  who  found  that  green  leaves,  placed  in  a  flask, 
Pig.wT.  j?^.  19V,  containing  water  saturated  with  car- 
bonic acid,  if  put  in  the  Bunshine,  liberated  bub- 
blea  of  a  gas  rich  in  oxygen.  In  the  dark  no 
suqii  effect  took  place. 

OzoKE.—Oxygen  gas  exists  in  two  different 
fitatcN,  a  passive  and  an  active.  In  ibis  latter  it 
13  called  Ozone,  ffoiu  its  peculiar  pluisphoric 
odor.  Ozone  is  produced  when  electric  sparlts  are 
passed  through  pure  dry  oxygen,  or  when  water  is  de- 
composed by  a  Voltaic  current,  or  wlien  pliospliorus  is 
allowed  slowly  to  oxidize  in  damp  sir.  It  will  also 
originate  from  the  slow  oxiJatioit  of  ether.  A  mixture 
of  two  parts  of  permanganaio  of  potassa  and  three  jiartg 
of  ButplmriG  acid  will  give  off  ozone  for  months. 

Ozone  is  insoluble  in  water,  alcohol,  and  ether.  It 
has  intense  bleaching  and  oxidising  powers,  attacking- 
Bubstaiices  tbat  ordinary  or  passive- oxygen  leaves  uii- 
toiicbed.  It  dccomposos  iodide  of  potassiam,  the  proto- 
Balta  of  m;inganese.  cyanide  and  ferrocyanide  ofpotas- 

la  llierc  nry  difference  in  ihc  rtmonnt  of  lieat  tvolved  in  rapiil  Bud 
f^low  doiiib;i»liori ?  Why  should  the  tur  bpcDniH  nnfit  lo  fiiiji|Kiri.  life? 
HiHv  is  tbis  leniieni'j-  componsntpd  ?  What  is  Qiciaa?  Huw  ii  It 
produced  ?    Wliat  are  ila  pioperlies  ? 
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siiini,  iind  oxidizes  Rilver,  Tnetallic  ai-senic,  sitkI  nntiraony. 
It  is  reconvei'tcd  into  oxygen  by  a  heat  ei^ceeding  450°, 
but  losas  its  charactensiic  properties  on  being  subject' 
od  to  a  much  lower  teioperature  or  to  certain  hydro- 
carbons. 

The  preseiiCB  of  ozone  may  be  detGctod  by  elipa  of 
paper  iDipregnated  with  iodide  of  potassinm.  and  starcli, 
which  become  brown,  and,  on  being  -wetted,  assume 
aliadeg  of  color  varying  from  pink  to  bhic. 

Sclionb^in  states  tljat  ozone  itself  exists  in  two  differ- 
ent States,  positive  and  negative,  nnd  cnlla  tho  former 
Antozone,  but  the  difler^nce  is  not  well  marked. 


LECTURE  XLI. 

Htdeogen.  —  Pi-eparulion.  '■■ —  Jh-operties.  —  E^eci  on 
Sonnds. —  Q^nihustiUility, —  Lightmss. — Jla/loons. — 
^plosive  Combustion.- — ^fnmml  Cunibuation.-^  Wa- 
ter alicays produced. —  Oxykydrogen  Slowpipe. — Sy- 

.   tJrogen  a  Metal. 

\  IlTDKOtJEN.  Jl=l. 

I  Thh  name  of  this  gaa  ia  derived  from  nrfor,  n-atei-, 
and  gmnao,  to  produce.  It  forms  ono  ninth  by  iveight 
of  nil  tile  water  on  the  globe,  and  is  a  large  constiliient 
of  nniiiial  and  vegetable  matter.  It  was  at  first  called 
inflammable  air. 

If  a  piece  of  potassinm  be  wrapped  in  paper  and  rap- 
idly iLumcrsed  beneitth  an  inverted  jar  at  the  wnter- 
iroiigh,  a  violent  reaction  sgIs  in,  a  gas  collects  in  the 
npper  pai-t  of  the  jar,  and  the  potassium,  oxidizing,  dis- 
solves in  the  ivater,  The  gas  produced  ia  hydrogen, 
and  the  decomposition  is  shown  as  follows: 

that  is,  water  acted  upon  by  metallic  potassium  yields 
oxide  of  potassium  and  hydrogen  gas, 

A  more  eoonomical  proceaa  ia  usually  resorted  to,  de- 
pending on  the  fact  that  metallic  zino  can  decompose 

He™-  may  ozono  bo  delected?  Whnt  is  Anlozoncf  Wliiit  Ik  the 
oHpin  of  the  name  liydroccn  ?  TVIiat  iTaiits  nnrii'nl  TinmD?  What 
is  tlie  piinciple  of  the  tlecomposiiion  of  wnler  by  potassima?  How 
iii  hydrogen  tt^iicrally  made? 
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waUff  at  ordinary  temperatures.  As  the  oxide  of  z^nc 
])i'cjdui»;ii  is  ijiboliiblu  in  wat«;r  and  kood  cause  ihe 

uc:ti<)u  t<j  ceasu,  ii  in  nc^^essaiy  lo  aOil  au  as,  for  ex- 

Htiijjic,  bul))huric  ucid,  w  uuitv  with  the  oxide  and  form 
u  Bululjle  aalt.  TliG  aurfiice  of  lliCEinc  i&tht^  kept  clear, 
uud  ihe       )fl  continuously  llberswd, 

i^j.  lii  To  make  )iydi  ogen,  a  bottle,  a.  Fig.  198, 
is  tuk^tl  partly  lilled  wilb  water  aod  elrips 
«f'  siHf.  Tfie  mouth  of  the  bottle  is  closed 
with  !i  eork  perforated  by  two  lubes,  tlie 
oiif,  fi,  for  It  funnel,  tlie  other,  c,  for  tlie  exit 
of  iLe  hydrogen.  Through  the  tube  b  su|. 
liiiiiric  acid  is  gradually  poured  itntii  a.  brisk 
ulJ'iirvesceiieo  sets  in.  The  lirst  portions  of 
tlic  Kan  hh(tiiiid  not  be  collected,  as  they  are  coiitami- 
naled  ■willi  air  and  are  explosive.  When  ttie  action 
elackcns  moro  acid  must  be  added.  Il.ilf  an  ooul'q  of 
water  will  i>roduce  five  gaIlon&  of  the  gas.  The  ehem- 
jflfll  change  in  thus  represented: 

Hydrogen  may  bu  prepared  by  Riibstituting  iron  for 
zinc  in  Iho  apparatus  IVi/.  H)e,or  by  passing  the  vapor 
of  water  over  iron  turniugH  heated  to  redness  in  a  por- 
celain tube. 

As  usually  prepcired  it  is  quite  impure,  being  contatn- 
iaated  with  araeuio,  sulphur,  or  phoBphoriis ;  or,  if  made 
from  iron,  with  an  oiTenfiive  volatile  hydrocarbon.  When 
obtrtiiied  fi'oin  the  Voltaic  decompositioD  of  water  it  is 
perfectly  pure. 

Hydrogen  is  a  transparent  colorless  body,  having  the 
highest  refracting  power  of  all  the  gases.  Compared 
with  air  it  is  as  6614  to  1000.  When  pure  it  has  neither 
ta,sle  nor  Bmcll.  It  is  the  lightest  known  body,  on© 
JiLindred  cubic  inches  weighing  2.14  grains  — 11,000 
timea  less  than  an  equal  bulk  of  wate-T.  The  weight 
of  iia  atom  is  taken  as  the  standard  of  other  atomic 
"weiglit3;  it  is  therefore  1.  It  exerts  no  action  on  veg- 
etable colors,  ia  only  Bohihio  to  the  extent  of  1.5  per  cent, 
in  water,  and  has  never  been  liquefied.  During  expeiv 
ments  for  that  purpose,  it  appeared  that  there  is  reason 
to  believe  that  its  molecules  are  smaller  than  thoso  of 

WJmt  ia  ttio  ubd  of  ihe  sulphuric  nuiil?  i)racribo  the  apparuiua 
for  its  production.    What  are  the  piopcrtLus  of  liydrojtien  ? 
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any  other  boJy,  as  it  could  leak  tliroiigli  atopooolta  iiii- 
liervious  to  otiici-  gases. 

Ill  the  aiiiiiial  euononiy  hydror;cn  doL'S  not  cxarciee 
any  deletiirimis  eiFGct.  Wlieii  respired,  it  causes  tlie 
■voice  to  assume  a  fueble,  eliriil  tone 
Jike  tbiit  of  a  cbild,  and  a  teiidunoy  to 
sleep.  A  bell  ruDg  in  this  eas  emits 
a  more  feeble  Bomtd  ibaQ  wTieii  ring- 
ing in  an  air-pnnip  vaciiiira.  It'si  jtii', 
J^i^.  190,  with  a  stopcock  at  Ila  Ujijier 
end,  bs  filled  with  hydrogen,  auei,  be- 
ing diipressed  in  the  wnler  o(  t\iu 
trough,  the  cock  opened  anil  n  VigUl 
"brouglit  near  the  hydrogen,  as  it  es- 
eapes  it  takes  fire  at  oiice, 
buriiiug  with  a  palo  yel- 
low flainc.  Or  if  to  the 
mouth  ot'fi  bottlo  coiitnin- 
iiig  tlie  materials  for  genc- 
raCuig  liydrogen,  J^ig.  200, 
a  cork,  through  which  a 
g\n69  tube  19  passed,  be 
adjusted,  and,  after  allow- 
iDg  the  itir  in  the  bottle 
to  bo  displaced  to  avoid 
an  explosion,  n  light  be  ap- 
plied to  tlie  issuing  gns,  it 
tak«a  6rc  oiid  burns  in  the 
same  manner.  Thi.'i  'is  call- 
ed l.Iio  philosopher's  lamp. 
Although  the  light  is  faint 
the  heat  is  very  great — But- 
Jiciciit,  indeed,  to  melt  fine 
platiuum  wire. 

The  following  experi- 
ment proves  three  facts  at 
the  same  liaie — 1.  The 
lightness  of  hydrogen ;  2. 
Its  in  tiara  m  ability ;  3.  That  it  is  not  a  supporter  of  com- 
bMPtioii.    A  jar,  «,  J-'iff,  201,  is  to  be  filled  with  Lydio- 

What  arc  its  reiiitinns  tii  rp»)iiraliini  7    Uovr  mar  iu  raiDbosliliili* 

tj  lie  sliown?  Dfibrribe  the  jiliilosopher'i  iHmp,  Hijiv  nisy  ir»  in- 
ilatnmaliilitf,  i|g  non-suppDCtini^  poirei',  aail  its  ligl^tne^t  be  dmnn'f 
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gen  at  the  water  tvongli,  ami  then,,  being  lifted 

nil!  the  air  with  its  iiiuuth  dtuvnwai-d,  a  t»per 
placed  on  a  wire  is  curried  into  its  interior. 
--  -  As  the  taper  pas&es  the  moutli  of  the  jar  there 

is  a  i'cehle  explosion,  and  the  hyiJrogen,  taliiug 
lire,  burii3  with  a  pale  (lame,  hut  .^s  soon  as  it 
is  immersed  in  the  gas  it  is  extiuguiahed.  It 
may,  however,  ba  rcliglited,  iis  it  is  broiiirht 
out  of  tlie  jar,  nt  the  bumin.tr  hydrci!!:en,  and  this  iiTay 
be  repeated  several  times.  The  conibiistibdity  of  the 
gas,  and  that  U  ia  a  uon-aupporter  of  combustion,  are 
obvious  eiioiigh.  Its  liglitiiesa  ia  proved  by  its  not 
flowing  out  of  the  mouth  of  the  jar,  which  it  would  do 
at  once  if  it  were  heavier  than  atmospheric  air. 

The  uaa  of  liydi'ogen  for  filling  bal- 
loons depends  ou  its  small  specific  grav- 
ity. This  property  ia  Tery  distinctly  il- 
lustrated by  filling  aa  India-rubber  gas 
htig  with  iiydrogen,  and  having  attach- 
ed to  the  stopcock  a.  Fig,  202,  a  tobac- 
co-pipe, b,  by  dipping  the  pipe  in  a  so- 
lution of  soap,  bnbblea  may  be  blown.  These  rise 
through  the  air  with  rapidity,  and  if  a  light  be  brought 
nenr  them  llipy  hnrn  with  a  yellow  flame.  If  the  bag 
be  filled  M'ith  a  mistiu-o  of  hydrogen  and  air,  the  bub- 
bles  will  explodu  violently. 

If  in  a  strong  bras? 
gua.  Fig.  203,  wc  place  a 
mixture  of  hydrogen,  1, 
and  air,  3,  and,  hav- 
ing  inserted  ihe  cork 
lightly,  pass  n  liglil 
into  the  loncii-iiiDlc", 
a   violent  explosion 
tates  place,  the  hydrogen  combining  with  the  oxy- 
gen 01  the  air  to  produce  water,  MO. 

Musical  sounds  originate  in  vibratory  movements 
communicated  to  the  aii'.  If  the  flame  of  the  philos- 
opher's lamp  be  covered  by  tlie  neck  of  a  broken  re- 
tort, 7^?i7. 204,  a  load  Bound  is  emitted.    This  arisen 

To  xvliat  iisa  hj-ilroBen  Bpplipd  on  account  of  its  lijjhmess? 
llow  miiy  Ihis  ho  illiisirnled  oil  a  Bmail  scale?  Dcscrihi;  iha  hvUm- 
gen  mDrinr.    Hon  may  musieal  suaDtlB  be  produced  by  liydroguo? 


pVi).  sua. 
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fi'om  the  circnm stance  tliat  tlio  Iiyclrogen  burns  in  the 
tube,  giving  rise  to  a  BCrics  of  small  explosions  whicli 
follow  eaeli  otliev  witli  rapidity,  and  tliese  explosioiia 
throw  llie  air  in  the  tube  into  vibration.  As  the  tiihe 
is  raised  of  lowered,  the  explosions  occur  with  differeot 
degrees  of  rapidity,  pvoduuing  sometimes  s,  clnttering 
sound  and  sometimes  a  pure  iiiuaical  note. 

"Wfiatever  may  be  the  circumstances  under  which 
hydrogen  bnrns — whethei*  quietly  in  the  pLilosopliet's 
lamp,  or  with  trivial  explosious  as 'm  the  tnbe,  or  witli 
violent  detonations,  water  alone  is  iiroduced.  It  may 
be  condensed  from  burning  hydrogen  by  lowering  a 
C0I4  porcelain  plate  upon  (he  fl.imc.  During  the  com- 
bination of  hydrogen  and  oxygen  a  very  great  amount 
of  heat  is  given  out,  for  the  former  combines  with  eight 
times  its  weiglit  of  the  latter,  Ji  greater  proportion  thail 
is  met  with  in  the  case  of  any  other  suhstmice.  Advan- 
tage ia  taken  of  this  in  the  constraction  of  the  osyhy- 
drogen  blowpipe,  an  ins-trumcat  invented  by  Di:  Hare, 
which  furnishes  ns  with  an  efficient  raeaos  of  attaining 
a  high  temperature.  There  are  several  diflerent  forms; 
in  some  the  gases  arc  mixed  in  proper  proportions  in  a 
I  strong  receive!',  and  sot  on  fire  after  passing  through  a 
Hemming'e  eafuty-tube.  Eat  it  ia  better  to  keep  them 
in  separate  reservoirs,  on  acconat  of  the  danger  of  cx- 
plosion,  and  conduct  them  to  a  common  jet,  where  they 
may  mix  and  be  burned,  as  ia  shown  in  i'lff.  205,  where 
the  gasometer  O  contains  oxygen  and  /-/^.his, 
H  hydrogen;  a  b  are  the  tubes  lead- 
ing to  the  fet  c,  where  the  gases  are  set 
oil  fire.  By  this  instrument  plalirnni 
can  KOl  only  bo  inclled,  but  even  vapor- 
ized. The  inlenaity  of  tlio  heat  de- 
pends., to  a  great  extent,  on  the  fact 
that,  unliko  ordinary  tlames,  this  is  sol- 
id— that  13,  incandeeeent  throughout. 

The  flame  of  hydrogen  is  very  advantngeoiisly  used 
ifl  detecting  the  presence  of  nrscnio  and  antimony,  which 
communiciito  to  it  characteristic  peculiaritiea  (see  Ar- 
senic and  Antimony). 

What  arises  from  ilie  comliuation  of  h jdrogcn  ?  Whai  is  tliocnusB 
of  the  crent  Ileal  of  burning  hydrogen  ?  Doseribn  Jlnre'e  oayhydro- 
gcn  Llaw]ii|ic.    Whiit  ia  [Iio  pceiiliaHty  ef  tlic  flame? 


lu  its  general  rclitions  Iiydfogen  possesses  many 
lie  properties  of  a  niclal,  and  liaa  hence  been  regarded 
as  one  of  tiiat  class  in  the  vaporous  coDditioD,  Its  trans- 
parency antl  gaseous  fonn  do  not  militate  against  this 
Gonclusion,  for  the  vapor  of  mercury  poEsesses  a  similar 
aspect ;  but  it  is  to  be  remarked  that  it  is  often  replaced 
ID  combiuations  by  the  etrongeat  anti-metal — ublorine  " 
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LECTURE  XLII. 

"WiTBa^ — Sydrogm  Adds, — Waisr, — Zis  Compoeitia 
and  Froperties. — Crystallised  Forms.  —  Conipres^ 
hiiity. — 8i/niliesis  of  W<ita: — Anali/ms  o/'Waitr. — 
ICs  Chemical  Relations. —  Water  of  Cry/ftaUization 
and  SalineWater.— Acts  as  a  bask,  indtj^'erent,  and 
acid  body. — Its  Tmjntrilies.^—llai-dncss^^- JUiniral 
Waters. — Peroxide  oh  HyDBOiiEN. — I^eparation.-^ 
JProperties.  ^ 

Water.  110=9. 

HtdbQGEN'  unites  ■with  all  the  electro-negative  eal 
stances,  aud  with  many  of  them  forma  strong  acids,  aa" 
hyiirochloi-ic,   hydrobromic,   Lydriodic,  liydrofluoric ; 
but  with  oxygen  instead  of  an  acid,  a  neutral  body, 
water,  results.    Water  contains  one  atom  of  each  of  ita 
elements,  combining  to  form  one  atom  of  water.    It  Wk 
therefore  a  binary  compound,  atid  its  Bymbol  is  MO.  ™ 

I!y  voliiiiip  it  eonsiftts  of  two  of  hydrogen  with  one 
of  oxygen  ;  by  weight,  one  of  hydyogen  with  -eight  of 
oxygen.  These  statenientH  con-espond  with  the  first, 
because  the  hydrogen  atom  ia  twice  the  volume  of  that 
of  oxygen,  and  the  weight  of  an  atom,  of  oxygeu  is  eight 
times  that  of  hydrogen. 

Water  is  a  most  important  and  universaliy  difftieed 
Bubatance,  co-vering  three  fourths  of  the  earth's  swrface, 
and  entering  as  a  constituent  into  all  animal  and  vege- 
table Rubstances  and  most  minerals.  An  oyster  con- 
tains Si  per  cent,,  antl  Bonte  of  the  ncalephfe  (jelly-fish) 
99  per  cent,  of  this  insredient.    By  its  aid  the  processes 

To  \vliai  tlQEs  of  liuiiies  docs  livdrogeu  prolialilj  belonc 't  M'lien 
hyiJrifscii  iinilea  nitii  ckMro-neenlisBS,  ivhat  cliass  of  txiiiies  rnny 
arise?  ffliat  is  tLo  eonaiiluliun  pf  water?  Wbttl  aco  Itie  pi'oper- 
liw  of  waier? 
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of  deeny  ot  o^dclalion  n&cGssary  to  life  ara  caused  to  go 
on  with  rapidity;  while,  on  llie  coiitniry,  by  desiccation 
oi'fiaiiici  substauces  may  be  imltdliiiiiely  juTstrvcd. 

Walei"  is  an  iiiodoi"ou3,  tasteless  tluid,  of  a  sliglitly 
bluisb-green  color,  wliiuh  coodueta  he^t  and  electi'icity 
imperfectly,  and  rafi-acts  light  Btrotigly,  It  IreeKca  at 
32°  F.,  and  boils  at  212°  F.  if  certaLu  preeautioiia  be 
adopted  (LectiiFQ  XI.).  In  a  capillary  tnbo  of  an 
icch  iu  diameter  it  must  be  cooled  to  1''.4  belbre  freez- 
iiicf,  wbile  if  a  piece  of  pure  ice  be  heated  in  a  vessel  of 
oil,  the  heat  may  be  cootinued  till  the  resulting  water 
has  reached  240°,  when  the  whole  is  coiivei'ted  iuto  va- 
por with  explosion.  The  spccifia  gr.avity  of  water  is 
l.ono,  being  the  standard  of  (jorapariKOH  of  all  otliei- 
liquid  and  Bolid  bodies.  The  specific  gravity  of  its  va- 
por, steam,  compared  with  atmosplieric  atr,  is  1.621Q, 
and  its  color  is  red.  Water  is  a  compreasiblc  and  elas- 
tic Bubstance.  One  cubic  inch  of  it  at  eo°  weighs  252.5 
grains,  and  the  cubic  foot  is  so  nearly  1000  ounces,  that 
tito  specific  gravity  of  any  substance  ia  very  nearly  the 
absolute  weight  of  a  cubic  foot  of  it  in  ounces. 

If  water  be  slowly  frozen  it  crystallizes  in  needles, 
crossing  one  another  at  angles  of  &0°  and  120°,  and  pre- 
senting forms  of  beautiful  symmetry,  as  seen  in  Mg.  205 
(page  23C).  Similiir  flower-liTce  shapes  may  be  seen  on 
melting  the  interior  of  a  block  of  icc  by  the  aid  of  a 
beam  of  sunlight  or  the  electric  lamp. 

The  compressibility  of  water  is  demonstratecl  and 
measured  by  an  instriimcut  invented  by  Oersted,  iu 
"which  pres8ni-e  can  be  exei-tcd  upon  water  in  a  tube  by 
means  of  a  wcrew.  It  sSiowg  that  water  is  com-  Fii/.m. 
pressed  TjTj.jTnr  part  of  its  volume  foi'  each  atmos- 
piiere  of  pressure. 

The  Qonstitntion  of  water  was  first  proved  by 
Cavendish  andWattin  1T8L  It  can  be  illustr.itcd 
in  a  variety  of  ways.  Thus,  if  over  a  jet  of  bnrn- 
in^  hydrogen  a  cold  glass  bell  be  suspended,  ^Vy. 
207,  it  beconaes  soon  covered  with  a  mi-ity  dew, 
and  if  the  esp-criment  bo  prolonged,  drops  of 
liquid  fiually  trickle  down  the  sides,  and  may  be 

Whu  is  ilie  specilic  (;ri)Yity  of  water  ftnd  sicam  ?  'What  does  Fig, 
20<i  reprcE'Cnt  ?  Whnl  is  llie  nraiiuDiL  of  cooipreseiljLliiy  of  water? 
How  maj  ilm  com iwai lion  of  waicr  bo  sTQilieiicully  Kliuivn  ? 
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from  Uie  presence  of  nitrio  acid  produced  by  oxidation 
of  tbe  nitrogen  of  the  air. 

If  in  a  vessel  over  the  mercurial  trougli  twenty  meas- 
uTca  of  hydrogen  are  addtd  lo  ten  measnres  of  oxygen, 
and  a  email  pellet  of  Kpougy  platinuni  passed  up  through 
the  quicksilver,  uniou  between  tho  two  gases  rapidly 
latea  place,  so  that  it  is  usual,  in  order  to  moderate  itB 
action,  to  mix  the  epongy  platinum  provtounly  with  a 
little  pipe-clay.  As  the  gases  unite  tbe  inerciiry  riaoB, 
until  at  last  they  totally  disappear.  Thin  e.\periment 
shows  that  the  constitution  of  water  by  volume  is  2  of 
hydrogen  to  1  of  oxygen. 

The  composition  of  water  by  weight  was  determined 
by  Berzeltus  as  follows:  Let  a  Qask,  a.  Fig.  208,  con- 


tnilliug  zino  and  dilute  siilphuric  acid,  be  qonnected  by 
a  bent  tube,  6,  with  another  lube,  <f,  containing  chloride 
of  calcium.  The  hydrogen  which  is  evolved  from  the 
flask  consequently  deposits  any  small  quantity  of  water 
it  may  be  contaminated  with  in  th6  bulbs  c  e,  and  then, 
passing  through  the  chloride  of  calcium  tube,  d,  is  per- 
fectly dried.  The  tube  d  js  copnected  with  a  lube  of 
hard  glass  on  which  a  bulb,  e,  is  blown.  The  bulb  is 
filled  with  a  known  weight  of  oxide  of  copper,  whioh 
can  be  raised  to  a  red  heat  by  the  spirit-lamp,  h.  As 
the  dry  hydrogen  passes  over  tbe  ignited  oxide  it  re- 
duces it,  forming  with  itSi  oxygen  water,  and  leaving 
pure  metallic  copper.  TIio  water  is  partly  collected  in 
the  bnlb  /,  and  the  rest  of  it  is  detaiueil  by  a  second 
chloride  of  calcium  tube,  g. 

What  effect  has  sponf;y  plalinam  on  a  IniXlure  of  tnt/gen  and  hv- 
drogen  ?  Describe  the  method  of  BerzeliiufoTdcletTaming  the  L-om- 
posiiion  of  water  weight- 
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salts,  an  increase  of  temperature  generally  increasea  its 
solvent  power.  Salt  crj^stnle  sometimes  coatmn  a  very 
considerable  quantity  of  it,  as  tn  the  case  ofalum,  of 
wliicli,  if  a  mass  be  heated,  it  melts  in  its  own  water  of 
erystalliaiitioo,  and  aftev  a  great  quantity  of  Bteam  La 
tlirown  off  a  dry  reslJne  remains.  Crystals  may  con- 
tain water  in  two  different  states— water  ot'cryslalliza- 
tion,  which  ia  easily  expelled,  andl  Saliuo  water,  whicli  is 
with  diffieiilty  dnven  off.  In  woiks  of  chemiatry,  Aq 
(aqua)  signifies  the  former,  and  MO  the  latter;  tbus 

11  0-\-SO^-!rHO-^&Aq 

ia  the  syiubol  for  grticn  vitriol,  wliich  is  a  eiilphate  of 
the  protoxide  of  iron,  with  one  atom  of  saline  water  and 
six  of  water  of  cryatallization.  The  saline  water  is  only 
removed  by  a  high  temperature,  or  by  being  replaced  by 
some  other  body. 

Water  unites  with  many  acida  with  great  energy.  If 
mixed  with  salphwric  acid,  ibe  temperature  will  run  up 
above  300°.  Witii  basic  bodie-s  the  same  results  may  be 
obtained;  as  when  quicklime  is  slalted  with  water,  the 
teinperatiive  rises  above  570° — more  ihati  sufficient  to 
ioflaoie  gunpowder.  Potaeaa  and  Boda  exhibit  ainiilav 
phenomena.  Toward  acids  water  acts  as  a  base ;  to- 
ward bases,  as  an  acid ;  and  toward  ealta,  as  an  indiffer- 
ent body. 

As  founci  in  natnrc,  water  is  always  injpure.  The 
water  of  Loch  Katrine,  iii  Scotland,  haa  only  2  graiua 
of  solid  matter  to  the  gallon,  and  that  of  tlie  River  Loka, 
in  Swed<;n,  -gV  of  a  grain ;  but  tliat  fr^om  the  Great  Salt 
Lake  has  20,000  grains.  Rain-water  and  melted  snow 
contain  the  various  soluble  ,[^aBca  that  are  in  the  air; 
Ppring,  river,  well,  and  mineral  waters,  the  soluble  bod- 
ies of  tiie  strata  through  which  they  have  flowed.  From 
these  they  can  bo  puritiecl  by  distillation,  Tho  solid 
contents  iu  the  imperial  gallon  of  some  of  the  principal 
rivor  watera  of  Europe  is  as  follows:  the  Thames,  at 
Greenwich,  28;  the  Seine,  20  ;  the  Rhone,  nt  Lyons,  13; 
the  Danube,  at  Vienna,  10.    Croton  water  contains  4, 

Schuylkill  4.3,  and  Boston  (Long  Fond)  1.2^  

Wiinl  is  meant  hv  water  of  rrTst.illiMCion  and  inline  Avater?  How 
IB  tlic  ■difierooco  iiidicaM4  in  formulsu  ?  Whni  is  tlio  relation  of  wa- 
ter to  acids,  bases,  and  ealta  ?  Is  walcr  found  pure  in  nnlnref  Givo 
Examples  of  its  coHBtiLaiion.  What  are  the  solid  contents  of  Thumcs 
water,  cfc.  ? 
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from  tli<;  i.r^^dence  oi  a  salt  ot  _«  ^  Suol, 
samplca  are  U-sted  by  tLe  ,  ^,  produce  «  ^ 

alcohol,  Ibe  quanlity  require**  "  P^JTaanent 

frolh  beiDg  asceriained.  divided  info  fni. 

Mineral  waUra  arc  usually  chalvb^.r  ^"P^ 

C3rboiiaIed,saliDi!,su]i>liurous,  '  -J.  contaiij. 
iiig  respectively  in  excess  i^rO*'  jjgnv 
sulphureted  bvdrogen.  ac^  -r^s,  ifatP^  "^.""i"  w- 
B^nTc  as  the  Vicbv  aud  I'lo™*'*''^  V'"?  f'rance. 
The  water  of  tl.e  Conqness  Spring-  Saratoga,  is  coa- 
posed  as  follows: 

ChloriJ^  of  Soai^  ■■-^^^         P^'  e^o-. 

Ittdide  of  Sodium  and  BroBoW*  g 

rciEafsiiLBi ,.    g  " 

CarbOR&ie  of  Siida  »  jqi  "i  „ 

Cariion&te  of  Ma^ncija  -  jqj  h  „ 

Carbonate  of  Lime,  ■   I  "  « 

Carbornte  of  Iioti  — .— "-    ^  „ 

jSilicil  aiid  Alomino.   ■'"  

613     "  " 

Pekoiidk  of  nTDfiOGEH.  -ffOs^lV. 
This  compound,  the  deatoside  of  hydrogen,  ig  a  defi. 
nlle  compound  of  osycen  aJid  IiydrogeDi  and  not  mere- 
ly oxygeDSled  water.  It  is  prepared  by  adding  a  paste 
of  p€TOxide  of  barium  and  u  ater  to  bydrofluosilicio  acid. 
The  liquid  is  separated  bv  filtration  and  con eent rated  in 
vacuo.   It  should  be        at  a  temperature  less  than  fio". 

It  is  a  colorless,  airupy  liqiiid  of  a  disagreeable  taste. 
It  bleaches,  and  ia  i-eadily  decompOiaed  not  only  by  Iieat, 
but  also  by  several  metals  and  tbeir  oxides,  jind  eonie- 
times  with  explosion.  Peroxide  of  manganese  or  lead, 
for  example,  entirely  resolve  it  into  oxygen  and  water. 

Wlint  ia  meant  by  hardseas  of  woterf  How  are  mineral  nalen 
divided?  IVTint  is  Ihe  compoaitioii  of  Congress  waier?  Uen  ii 
pcrDxide  of  hjdrogen  prcpBred  f    ^Vhal  arc  ils  prpjienics  ? 
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LECTURE  Sim. 

lOKN. — Pf^amtion. — I*ropert{es. — Its  Ind^erent 
fMfc. — Its  (Jombuslion  and  Compounds. — JtaQisy- 
Compoumh. 

iPHEEic  Air. —  Constilutio?j. — Meihods  of  Anali/- 
—Eiidiometry. — £xte?it  of  the  Atmosphere. — He- 
ws to  Organization. — Pressure  of  the  Air  eapeiH- 
liaUy  ahoicn. 

TTlTE-OGEir,  JV=1+. 

noGEv  gas  ia  reaJily  proeuved  from  tlic  atmos- 
by  burning  phospiiorus  in  ii  bell  Jar  on  the  piiisu- 
Iroiigh.  It'  a  piece  of  phospiiorus  be  laid  in  a  cup, 
1 0,  and  set  od  Jii-e,  all  the  oxygen  iathe  air  of  tlie 
,  will  be  consumed,  ■\vliite  pi^,  jjo, 

of  pboaphoric  add  (PO^ 
ig,  and  these  being  final- 
wlved  in  ihg  walev  oftho 
1,  d,  there  is  left  beliind 
;ea  coataminatciJ  wiLh  :i 
of  the  vapor  of  phospliOi  - 
t  may  be  also  prepared 
owing  the  phos-phorns  lo 
e  slowly  at  Lho  expense 

air.  It*  the  inteiiai'  of  :i 
3  welted  aud  iron  filings  sprinkled  over  it,  lliey 
lowly  remove  the  oxygen  from  tlie  contained  air, 
g  the  nitrogen,  if  it  is  Bubaeqiiently  agitated  with 
,  quite  pure.  Copper  filings  willi  Jiydroehloric 
nay  be  used  in  a  similar  iiiatiner. 

obtain  nitrogen  perfectly  pure,  ns-G,  instead  of  tbo 
■horns,  Fig.  210,  a  porcelain  vessel  containing  jiy- 
ic  acid  and  strong  solution  of  caustic  potassa. 
s  method  the  carbonic  acid  of  the  sir  is  also  tg- 
3,  a,nd  no  impurity  bnt  vapor  of  water  remains, 
irogen  gaa  {nitron,  nitre,  and  ffennao,  to  produce) 
olorless,  tasteless,  and  inodorous  body,  dissolving 
ter  only  to  tbo  extent  of  1  ^  per  cent,  by  vohniie. 

is  nitrogen  prepareil  bv  pbnspiioruB?    By  what  olher  coelh- 
ii  be  pn^pared?    Wtiat  nre  Ihe  propertieB  of  tltis  gas? 


■42 


COStPOUSroS  OF  filTEOGEjr. 


It  is  ligliter  than  almos|>heric  air,  its  specific  gravity  be 
iiig  .967  ;  100  ciiljic  inches  weigh  29.96  grains.  It  Joes 
not  support  cuculiasliou  lior  re  spiral  ion,  and  from  the 
Jatter  yii-cumstanee  look  tiie  name  AsoCe.  It  does  tm 
exert  any  poisonous,  agency  on  animals,  as  is  shown  by 
the  largo  proportion  in  which  it  exists  in  the  atmoa- 
phere. 

UiiJer  certain  circumstances  nitrogen  undergoes  cora- 
bustioti,  as  when  electric  spavka  ai'e  passed  througli  air, 
and  Jiitric  acid  (-iVOj)  formed.  Also, -when  nitrogen  la 
mi-vud  with  the  dcLouating  comiioiind  of  osgyen  1  and 
hydrogen  2,  it  may  easily  be  oxidized. 

Nitrogen  is  little  disposed  to  unite  witli  other  bodies 
except  when  eillier  it  or  liiey  arc  in  the  nascent  state. 
Ita  conipounds  aro  prone  to  decompose  easily,  and  henoe 
among  tlieni  we  find  some  of  the  most  I'eiuarlcablo  fnl- 
mitiating  bodies.  Tljc  animal  and  vegetable  eubstances 
inlo  wliich  it  enters  as  a  constituent  are  churactertBed 
by  the  facility  with  wliich  they  putrefy  or  oxidize,  and, 
as  -we  shall  liercaftec  find,  ferments  owe  their  powers  to 
tbis  clement. 

Nitrogen  unites  witb  oxygen  to  form  five  different 
compounds : 

NO,  Protoxide  of  Niircigen. 
JVO,,  Deiitoside  of  Nitrnecn. 
N0„  Hypo-nitroiia  AciJ, 
iVO,,NiironB  Acid. 
NOi,  Nitric  Acid. 

With  oxygen  at  also  fo-rms  ntniosplierio  air ;  but  thU 
is  a  mtxtnre,  and  not  a  compound. 

AtMOSPHEBIC  AlEi 

Tlie  mechanical  properties  and  constitntioti  of  the 
atmoapbere  arc,  on  account  of  their  great  importance 
first  to  be  described.  ' 

The  aLnjosplfere  uonsists  chiefly  of  oxygen  and  nitro- 
gen, in  the  proportion  of  20.8  volumes  of  the  former  to 
70.2  of  tho  latter.  It  eonl-iins,  as  an  essential  ingredi- 
ent, also  a  small  proportion  of  carbonic  acid,  10,000 
parts  of  air  containing  from  3.7  to  C.2  parts,  or,  on  ,in 

WlipTi  does  il  Limlerg-o  oombnslinn  ?  Why  itoes  it  giv-e  risa  to  sn- 
|j|i>6ive  boiiiea?  Glvo  ihe  coni|xinnils  of  oxjgiia  anJ  nitrogen.  Of 
wliat  is  niraoapheric  «ir  compoBcd.  ? 
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».vernge,  5  pai'ta  of  tiiis  gas.    Besides  those,  there  are 
[-variable  qiianiitiea  of  the  vapor  of  water,  ami  traces  of 
aimnioiiia,  sulpluirGleJ  bydr&gen,  and  carburuted  hydro- 
Lgeu.    CertaiTi  orgau'io  consliliieiils,  some  of  wijich  may 
■T>e  detected  hy  tbeii'  odor,  give  it  miasiuatic  properties, 
.eansing  a  \-anety  of  diseases.   Air  is  an  invisible,  elastic 
iBiibstiince,  ouly  seen  to  be  of  a  Line  color  in  thick  mass- 
es, 81o  times  lighter  than  ivater,  iind  is  taken  as  the 
standard  of  comparison  for  the  Bpecific  grnvity  of  gases, 
ilta  spoiiific  gravity  is  therefore  =].    One  hundred  cu- 
bic iuches  of  it  weisrb  at  the  mean  temperature  {60°), 
land  pressure  (.10  inches)  about  31  ^grains, 
I     There  are  many  methods  by  -tt'Licb  the  analysis  of 
the  air  can  be  effected.    Tha  eudiometer,  Mff.  211,  con- 
sists of  ,1  thick  glass  tube,  closed  at  the  upper 
end  and  open  below,  ^vbcre  it  dips  into  n  cup 
or  basiu  of  mercury.    It  is  graduated  oloii!!; 
the  side,  and  has  two  wires  throngh  the  up- 
per part,  which  approach  each  otliei-,  but  do 
not  touch.    The  tube  is  filled  with  miercury, 
is  then  reversed,  and  i»  misture  of  equal  vol- 
umea  of  air  and  hydrogen  put  into  it.  An 
electric  spark  beiug  p.med  betirecn  the  wives, 
the  nilxtiire  is  exploded.    The  amount  of  gaa 
left  ia  ascGTlained  by  the  divisions,  and  one 
third  of  the  deficit  represents  the  quantity  of  osygeu 
originally  preseot. 

the  analysis  of  air  may  be  accomplished  by  the  aid 
of  pyrOgallato  of  pOtaSBa,  and  snbseqoently  dry  potassa. 
Tlie  otjgen,  c.irbonio  acid,  and  aoiieoiis  vapor  are  by 
these  means  entirely  removed-  In  such  volumetria 
analyses  errors  may  arise  by  variations  of  pressure, 
temperature,  etc.,  and  hence  the  following  method  by 
weight  is  worthy  of  attention:  Air  is  deprived  of  its 
c.irbonic  acid  and  water  by  being  mndc  to  traverse 
through  tubes  containing  strong  sulphuric  acid  ami 
cauBtie  potassa.  It  is  then  passed  ihrougli  a  weigheil 
tube  coTitaining  metallic  copper  heated  to  i-ednesa,  iVhich 
deprives  it  of  its  oxygen.  By  connecting  the  apparatna 
with  a  glass  vessel  in  a  vacnons  state,  the  nitrogen  may 

■Wlinl  variabla  conslilueutH  does  il  eonlaia?  What  is  its  specific 
pmvilj-?  How  miicii  ilo  100  onliic  intlies  weigh?  Describe  tlia 
eudionicler.    By  wlio-t  otlier  mElIiods  mnv  nir  be  nmilvMii? 


DKNSlTlf  6t  -Ab' 


bo  collected.  The  increase  of  weight  in  the  copper 
tube  gives  the  weig^Iit  of  oxygen,  while  the  increase  of 
weight  ill  the  glass  vessel,  th;u  •v.-am  originally  v;icnoiis, 

fives  the  oitrogGu.  Air  is  thus  shown  to  be  coui|i06ed 
y  weight  of 

OxTgcn  aa.io 

NitVogen  ,  76.90-, 

Its  compoaitioti  by  volume  has  already  been  elated. 
These  proportions  remain  nochanged,  no  matter  from 
what  part  of  the  globe  the  air  may  bo  takett,  nor  what 
the  elevation  may  be. 

The  earth's  atmosphere  does  not  extend  indefinilflly 
into  space,  bnt  tei'minates  at  an  altitmlo  of  about  fifty 
miles ;  a  fiict  first  discovered  by  Alhazen,  a  Mohammed- 
an philosopher.  It  is  therefore  a  mere  film  on  the  face 
of  the  cnrth,  lika  the  down  on  a  peaeh,  for  the  globe  is 
nearly  8000  miles  in  diarnotcr.  If  a  representation  of 
it  were  placed  on  a  common  twelve-inch  globe,  it  would 
not  exceed  One  sixteenth  of  An  inch  in  thickneaa. 

Its  relations  to  the  world  of  organization  are  fnll  of 
interest.  All  plants  come  from  it,  and  all  animals  re- 
twru  to  it,  so  that  it  stands  aa  the  bond  of  connection 
between  tiie  two.  It  is  the  grave  of  animal,  the  cradle 
of  vegetable  life. 

As  we  ascend  to  the  more  elevated  regions  tlie  air 
becomes  less  dense,  for  the  obvious  reason  that,  as  it 
is  a  .very  compressible  body,  those  portions  of  it  near 
tho  earth  have  to  sustain  the  weight  of  the  mass  above, 
and  are  therefore  more  dense;  bat  in  the  higher  re- 
gions, where  the  anj^erinciirahent  pressnre  is  less,  tho 
air  ia  more  rare,  as  is  shown  in  the  following  table  : 
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WLbI  ia  ill  wjiTifiosiiion  by  weiglit?  To  wlint  distance  docs  ilio 
fttmoBplicre  esrend?  Wliat  iire  its  relations  in  nniinals  and  pknts  ? 
Wliy  does  ils  dcii^iij  decrease  n  iih  Ihc  aliitude? 
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This  also  shows  that  the  great  ruasa  of  the  atmos- 
phere is  witbin  a  very  short  distauce  of  the  earth's  sur- 
face— one  half  within  three  miles,  aod  four  fifths  within 
eight  piilea.  At  diflereut  aUitnd«a  the  teiuperatui'e  va- 
ries, being  1°  colder  for  every  350  feet  of  ascent,  partly 
from  the  increased  capacity  for  heat,  and  partly  because 
it  IS  wRtrn^d  mostly  by  contact  with  the  earlb.  The 
line  of  perpetual  snow  is  15,200  feet  above  the  sea  at 
the  eqnator,  8S18  at  t)0°  latitude,  and  only  1000  at  70°. 
At  S5°  it  has  sunk  to  117  feet,  and  nearer  th«  pole  act- 
ually dips  belowf  the  soil. 

Of  the  constitueuta  of  the  air,  the  oxygen  and  nitro- 
geu  are  regarded  as  Hxed,  the  cat^bonic  acid,  water,  and 
ammonia  aa  variable ;  but  every  process  of  lespiration 
and  combustion  tends  to  change  the  nmounLs.  Animals 
take  oxygen  and  replace  it  by  tivrbonic  acid,  while  plants 
do  the  reverse.  A  strict  balancing  is,  however,  observed 
between  those  varicins  operations,  bo  that  no  change  can 
be  detected  between  the  preeeLt  atmosphere  and  that 
existing  centuries  ago. 

Of  the  rauchanical  properties  oFthe  air,  the  firet  to 
wliich  we  have  to  direct  our  attention  is  its  press-  Fig.  aia. 
ure,  which  takes  etfijct  equally  in  ah  directions, 
upward,  downward,  and  laterally.    Thns,  if  wo 
taka  a  glass  tube,  a.  Fig.  212,  several  feet  long, 
closed  at  one  end  and  open  at  the  othej',  and, 
having  filled  it  with  water,  place  over  the  mouth 
a  Btout  piece  of  paper,  6,  and  turn  it  upside 
down,  the  paper  will  not  fall  off  nor  the  water 
floiv  out.    They  remain,  aa  it  ivere,  suspended 
on  notliing,  but,  in  reality,  suetained  by  the  upward 
pressure  of  the  air.    Or  if  wc  take  a  bottle,  a,    piv,,  gij, 
Mg.  213,  with  a  hole,  S,  half  an  inch  in  diani-      "  ~  ' 
etor  at  the  bottom,  and,  having  filled  it  with 
water,  close  the  mouth  with  the  finger,  it  may 
be  held  in  the  air  without  the  water  flowing 
out,  though  the  apenuro  b  is  wide  open.  In 
this  instance,  again,  it  is  the  upward  pressure 
of  the  air  ivhich  Bustains  the  liquid. 

Advantage  is  taken  of  tha  elasticity  and  expansibility 

Hrrw  (lacs  iis  tcmpftaEnre  varj?  Wliicli  sac  the  TariAble  and 
which  the  fixed  constitnenis  Cif  Iho  nir?  Giye  Eome  illiistrntions  of 
tho  upwiiriJ  jjrcsBiifo  of  ihc  air. 
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■.  [,..■  v:  .  ;i« 

.       ,.  „.   K^atide  on  the 

iilv-jviiinii  tMuI  \tiiiX-m  II  ilglii  "iiii  "  itocanw 
lliuMwil  M-v  jji.iiiihl  Did.  tin  w'Hkliigll»e  haiidl*  tbc 
iitr  ill  itiu  \iv\\-m  IP,  111  tin  liy  liVl.h-,r«moved,and  pvcni- 


iiu|  y  •■jiilv  ii  Bliiiill  lVuii|.'nm  nl'  Ihu  oritpnal  anwinnl 

f'  I  il  ,     I  ,      ,1„\k,      /,';„,  u  IS,  be  nefcrly  fiH™ 

"    ■  ■  -(IhI  iiivmliul  wo  tliat  its  iiedt,», 

JH'-'  1"  Ht.iiii  Oi«  WiUur  ciiiiLniiiedin  veBBele. 
It  wiinlii  l.ii  tii)vui'ii,|  witli  an  air-pwnp 
rtrk.ivn',  li,  iliu  ivnii,ivt«r  cxlinustea,  the 
)'ii)i1ilu  aj,  <(  tliliivuh,  im\  uliur  u  time,  as  li« 
tit  lliG  iimnliiiui  iii.iilliuiue,filla  tlie  en- 
lifQ  ^Ub«,  liulli  1>|(U.  Mil,,.,  As  ibe  p-res^ 
iiCt!  )s  |L;auri;«|  liy  KiHiuK  ulr  nsnin  into  llie 
.  II  vii-  ill""'  liiil,l,lvi  iiitnlriicU  uuil  uvunlHAlly  i-ognms  iU 

I        onnWus  im  to  exliihlim  i»  BUiVnig  man- 
lt|i!hllurl(iniiuul\<v<ii">ili''B  (if  tlio  nil-.   Tims,  it 

nV- M(•|..Ml.^  Fij- ma- 'Qi^i"»tHitioii» of 
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fig.  217. 


39  soon  as  the  air  is  exhaiistei  from  its  intc-  -^'3.210. 
rior,  tlie  Biiperinciimbeut  pressure  retains,  tlio 
gliiss  tsO  firmly  in  oonltict  tbaL  it  is  inipossiblo 
to  lift  it  off}  bat  when  lUc  nir  is  TuacirnitteJ 
it  can  easily  be  moved.  If  wilMn  the  receiv- 
er a  n  Bmallcr  dtie,  be  pidced,  and  exhaus- 
tion niiidcj  while  a  is  fixed,  6  can  be  easily 
moveLl  by  shaking  the  pump ;  but,  ou  li;Ltiiig  iii  llie  niir,  6 
becomes  iixed  and  a  loosened. 

If  over  tlie  moath  of 
a  jar,  Ji'iff.  217,  placed 
on  the  pnnip,  the  palm 
of  the  baocl  be  laUX  na 
the  air  is  exhausted,  H  is 
preasod  in  elosc  contact 

with  tlnj  jar,  and  can   

only  be  removed  by  the  exercioii  ol'a  very 
considerable  fore*". 

On  the  Bmal!  plate  a,  Fiff.  218,  furnished 
jg,  -with  a  stopcock,  A,  tcrminatirg  in  a  jet,  c, 
a  tall  receiver  is  placed,  and  the  appara- 
tus being  screwed  on  the  air-punip,  ia  ex- 
hausted, and  tho  stopcock  closed.  On 
being'  opened  when  the  lower  end  of  the 
tube  dips  imder  water,  ihe  water  rtsea  to 
the  top  of  the  jar,  and  forms  a  foiiutain  in 
vacuo. 


LECTURE  XLIV, 

Atuospiiekic  Aie,- — Pressure  of  the  Air, — Exhaustioji 
wit/iout  tnt  Air-pi(inj}.--^I3etenidnalio?i  of  the  Weight 
of  the  Air. — Amoviit-  of  J^reseure. — Eiasticiti/  of  the 
Air.— Air  in  the  Pores  of  JBo<lies, — Aquatic  Hespi- 
vatioii.^Preservatioih  of  Meafa  and  Ii^mits. 

TuK  MaEjdebiirg  hemispheres,  invented  by  Otto  Gner- 
icke,  wlio  also  invented  the  ."lir-puinp,  illustrate  in  a.  strik- 
ing manner  atniospberic  pressure.  Tliey  consist  of  a 
pair  of  brass  hemispberen,  I^p.  219,  with  handles-.  They 

Dqs?r)b«  Ihv  fwnuua  in  yacQD.  Wlint  htb  the  Magdeburg  benii- 
sphcres? 
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tottle  be  ttiraed  upside  down,  aa  nt  c,  in  some  water, 
and  tliQ  finger  removed,  a  fouDtain  iu  vacuo  is  I'unned. 

The  pressure  of  the  air  depends  oo  ihe  fact  lljat  it  is 
a  heavy  body,  aa  may  be  proved 
by  weighing  it  .direcUy,  Let 
a  li^lit  ^lass  flask,  a,  I^ig. 
fitted  with  fl  stopcoclt,be  coun- 
terpoised in  a  balaoce,  then  let 
the  air  be  exhausted  froru  it, 
aod  the  loss  of  weight  determ- 
ined. Oil  opening  the  &top- 
cocli  and  again  admittiug  tho 
niv,  it  will  regain  its  original 
weight.  Adask  containing  100 
cubic  inches  will  in  this  uian- 


ner  lose  31  grains  in  weight, 
and  thai,  therefore,  is  the 
weight  of  that  amount  of  air. 

Atmospheric  ah"  is  used  as 
tfio  standard  of  comparison 
of  tbe  specific  .gravities  of 
othet-  gases,  The  process 
for  the  deterrai nation  is  veiy 
simple.  A  pea-r-ehaped  flastt, 
Fi'j.  223,  furnished  with  a 
small  stopcock,  is  screwed  to 
tliu  aii'-ptimp  and  exhausted 
of  air.  After  being  weighed 
it  is  attached  to  the  gradua- 
ted jiii-  G,  liiled  with  air  ov 
any  other  gaseous  body,  and, 
the  ■Etoppocka  being  opened,  it  filla.  1.1  is  then  rsweighed, 

How  may  the  wciglit  of  air  be  direcdy  ascertained?    How  may 
the  relmiTe  weight  of  olhpr  gnsea  lie  (leiemiingd  p 
L  2 
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aud  will  be  found  to  liave  increased  several  grains.  The 
amount  that  hiw  passed  into  the  ti.tsk  is  known  by  read- 
ing oil'  at  the  graduation. 

There  are  Bcvcra!  different  methods  of  statioj  th« 
anioimt  of  iho  mean  prusearo  of  the  air ;  thus  we  say 
tliU  it  is  Giiual  to  15  jiounds  on  the  Bqunro  incii,  or  to  ;i 
column  of  mercury  30  inches  long,  or  to  a  colnmn  of 
water  33  feci  long.  Upon  the  body  of  a  nimj  the  atmos- 
phere presses  with  a,  weight  of  30,000  pounds,  bnt  it  is 
mot  fiiit  because  the  internal  air  presses  outward  witli 
fliiuilar  force.  Iluinboldt  exposed  his  body  to  a  varia- 
tion of  pressure  equal  to  31,000  pounds  without  KuAer- 
ing  any  inconvenience. 

That  air  is  a  highly  clastic  substance  can  be  readily 
shown.  Under  a.  bell-jar,  Fig.  224,  let  tliere 
be  placed  a  half-blown  bladder,  iho  neck  of 
wiiidi  is  tied.  As  the  air  is  removed  from 
the  bell  the  bladder  distends,  but  on  restoring 
the  prossuro  it  becoinca  as  flaccid  as  it  was 
belbrc,  showing  thai  the  included  air  expands 
and  contracta  the  pressure  upoti  it  varies. 
Tlua  may  bo  still  raoro  strikingly  shown  by 
i'(!7, 2>5.       taking  a  small  India-rubber  bag,  I<^g. 

225,  the  Tnotith  of  which  is  closed  tit^hl- 
iy,  aud  using  it  insltad  of  the  bladder. 
On  rarefyiug  the  air  iti  the  receiver  the 
ba.g  begins  to  dilate,  and  may  be  extend- 
ed to  several  timca  its  original  dimen- 
sions, as  shown  by  the  dotted  line;  but 
when  the  pressure  is  restored  it  returns 
to  its  former  size*  pf„^ 
Nor  dops  the  expansion  take  plnca  with 
,111  inconsiderable  force.  If  a  flaccid  blsid- 
der  be  cotnprcBsed  by  leaden  weights,  Fig. 
220,  as  soon  as  the  prcBaure  is  removed 'it 
will  push  up  the  \veiglit3.  Nor  does  it 
lose  its  elasticity  by  being  long  confined. 
Some  of  the  old  cliemialg  kept  air  com- 
pressed in  copper  globes  for  months,  and 

Hijw  muy  i.he  pvoesHfc  (if  Uio  nir  Iw  siatcil?  Wlmi  it  ihc  press, 
nru  on  ihc  boJy  of  n  Omii  ?  llw  miiy  ihc  clnf^iicicy  of  iiir  lie  illiis. 
irntea?  IIoiv  may  ic  be  slioirti  by  nn  Iiiditt-mtjliei-  ling?  Give  an 
illnstmion  of  tho  omaunt  of  thi»  forct!. 
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found  that,  as  soon  as  libernted,  it  reguioed  its  oiiginal 


By  taking  advantage  of  tlie  expansion  of  nir,  and  by 
reduiiing  the  iii'eBsiirt'-,  its  esiatciice  in  liie  porea  ^st, 
of  many  bodies  may  bo  shown  ;  l)ins  U'  we  pliico  jTj 
u.n  egg,  Mff.  227,  an  apple,  or  other  such  objects 
la  &  glas&  of  water,  and  exhanst  the  aii-  irotn  the 
Fk  m.  coveriug  beU-jjir,  we  see  bubbles 
of  air  ia  coiitiiless  numbers  escaping 
iliroiigh  llio  water.  A  ^ass  of  ale-, 
223,  placed  in  an  e\li.iusted  re- 
ceivei",  foams  from  iba  escape  of  ear- 
bonio  nttiA  teas;  and  spring  or  river 
water,  examined  in  the  same  way,  ia  found  to 
contiiiii  three  or  four  per  cent,  of  gas. 

Tills  last  fact  ia  of  preat  imp orl mice,  for  it 
ia  liy  tlic  aid  of  tliis  air  that  all  watcr-lircntbing  animals 
exist.  Fish  do  not  respiro  water,  lint  the  air  eotitiiined 
ill  it.  This  nir  diflers  from  the  atrmisphere,  in  contain- 
jriu;  more  oxysjen  — 33  per  cent,  insteiid  of  £1.  Tho 
i;iiuse  of  llie  dilierence  is  that  nxyG^en  is  more  soluble  in 
water  than  nitrogen.  Nevertlieless,  the  rc-spifntion  of 
aquatic  animals  is  never  so  perfeut  as  that  of  air-brealb- 
ers,  on  account  of  the  limited  sup- 
ply, and  hence  Guch  animals  are  al- 
ways cold-bloodGd.  When  lish  are 
placed  in  water  under  an  exhausted 
receiv^ir,  JFifj,  they  soon  die. 

They  are  i.ina,b]e  to  descend  to  ihQ 
liottom  except  by  violent  exertion, 
because  the  air  ia  tlielr  Bwimming- 
bladdcr  ex'pa.uda  and  buoys  thcui  up. 
The  lii,t,'hest  fishes,  as  tho  whala, 
which  has  a  tctnperaturo  of  0S°, 
breathe  tho  almoKphen!  by  inn^s, 
coming  periodically  to  tho  surface 
lor  that  purpose, 

The  necessity  of  air  to  the  support  of  combustion  may 
ha  dumons.trated  by  the  length  of  tiins  that  a.  caudle 

How  rriij-  the  prasence  of  nir  be  deCEiTed  in  Ihc  pores  of  solid 
bodioaP    Ham  may  ic  bo  slioivn  llinl  air  ejiiats  in  iviiter?  Ofwlint 

USB  is  tUo  air  in  ivaierF  How  dpes  it  iliftw  fmm  mnmsphcric  nir? 
lloiT  do  fislies  uttdtr  an  csliauBted  rcceiTcr  hclF 


Fig.  22J. 


wilt  burn  ill  a.  jar  lull  of  air,  and  in  the  eatae  jar  ren- 
dered vacuous.  In  the  latlei*  case  it  dies  out  at  once, 
the  smoke  dGsceoding  to  llie  bottom  of  the  jaa-,  owing 
to  the  rareiaction  of  the  suiTomidiug  meiliiini. 

Subelaiiccs  prone  lo  decay,  such  as  meata  and  fruits, 
may  be  preserved  for  a  long 
time  in  vesaela  void  of  air, 
Tlio  process  ia  illusLrated  in 
Fig.  220.  The  fruits  are  pliu'ed 
in  a  jar,  closed  by  a  Bound 
cork  covered  with  sealiog- 
was.  A  small  hole  ia  made 
throtigb  the  cork,  and  tlie  air 
exhausted.  Wlien  the  vacn- 
uin  is  as  complete  as  may  be, 
the  iiole  is  closed  by  melting 
the  wax  in  a  converging  beam 
of  sunlight.  On  liie  large 
scale,  vEie  tilings  to  be  pre- 
served are  inclosed  in  tin  cans,  which  are  sealed  by  sol- 
deriii[^,  except  a  jiinliolo  that  ia  left  throngJj  the  cover. 
Tlie  tins  areiramersed  in  boiling  waltr,  anil  when  steam 
issues  from  the  piu-Iiole  it  is  closed  by  a  drop  of  melted 
solder. 

From  the  foregoing  experlrncnts  and  considerations, 
it  is  demonstrated  that  the  prime  fact  in  pnenmatice  is, 
that  air  has  weight;  from  ibis  arise  its  pressure  and 
varying  deusity  at  different  altitudes.  Its  elastic  force 
must  also  be  equal  to  the  pressure  upon  it;  if  it  were 
less,  the  air  would  compress  ;  if  greater,  dilate, 

Iliiw  innj  ilie  bccpbsLiv  of  riir  lo  combiislion  be  slionn?  How 
.mtiy  meats,  etc.,  ba  pn:som-<l?   Whac  facts  in  pneumatics  hare  wa 
detuonslnilcd  1 
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LECTURE  SLV. 

^T^roBFHEE^c  Am. —  Construction  of  tfie  Sarometer. — 
Gati^e  of  its  Phenomena. —Uistorif  of  Us  Invention 
by  Tornf.elli.  —  PoseaVs  H^yperuneiit.  —  IIlustmtio>i3 
of  the  Nature  of  Pressure. — Yariabilky  of  Presaure. 
— Disturbances  in  (he  Compoaition  of  the  Air. — Are 
corrected  by  th6  Winds  and  Piffttsion.—Uhtstratiotis 
of  JDiffiision.  — 27ie  Air  is  a  Mixture,  —  Marriott^a 
Lain. 

If  ivo  take  a  tube  of  glass,  a  b,  231,  more  tliaa 
SO  inchea  long,  sealecl  at  ooe  end  aod  oiien  at  the 
otber,  and,  haviug  filled  it  with  quicksilver,  in- 
sert it  in  a  cup  of  tliat  metal,  c,  the  mercury 
■will  not  How  OHt  of  l!ie  tube,  hut  will  remain 
suspended  at  a  bciglit  of  from  28  to  30  iijcbes, 
B  vaciioiia  space  being  left  at  the  upper  part.  A 
ecule,  d,  divided  ioto-  inches  and  decimal  parts, 
the  zero  teiog  at  the  level  of  the  meicucy  in  the 
cup,  completes  the  instrameDt.  It  is  termed  a 
larometcr. 

The  cause  of  the  saEpenaion  of  the  mercury  in 
pig.sa.  the  tube  is  the  preBsuTuof  theair.  This 

may  ba  domonsti-ated  by  placing  over  tbo  ba- 
roineter  a.  lull  air-pump  jar,  J^i(/,  232,  and  ex- 
biiustiog.  It  will  be  found  timt,  .la  tlie  proesnra 
13  reduced,  the  coIuqid  of  mercury  falls;  nnd 
when  the  pressure  ia  restored,  it  rises  again  to 
the  original  point. 

ine  same  fact  may  be  proved  m  an-  a 
other  manner.    If  a  tube  upward  of  30  °^ 
inches  in  length,  tho  npper  end  of  wliicli 
ia  closed  by  a  piece  Oi  blfldder,  be  filled 
with  mercury  and  inverted  in  a  cup, 
/''i'^f.  233,  the  bladder  will  be  deeply  de- 
ressed,  the  pressure  of  the  ajr  being  borne  by  it. 
f  now  a  pinhole  be  made  through  the  bladdei'  so 
as  to  .illow  the  air  to  preKf"  on  tbe  top  of  tiic  mer- 


Deicribe  ilie  barometer.  Wliat  are  the  causes  of  sii5.pen.*ion  of 
tho  mereury  ?    How  may  tliia  be  proreil?   DeBcriLe  J-'jy,  233. 
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cuiy,  tSje  coiiinin  descends  to  the  level  of  that  in  the 
cuji  b-elow. 

The  barometer  was  invc-ntcd  by  Torrieelli  in  1643. 
Some  plumbei-3  w-orking  for  tliuPuk*  ot'Florence  found 
that  it  was  impossible  to  maku  a  pump  that  would  raise 
water  more  than  about  30  fuel.  This  fact,  coiuiiig  to 
the  knowleJyc  of  Torricclli,  caused  hiin  to  suspect  that 
■water  rose  in  tliosa  machines  in  virtue  of  the  jti-ossurfl 
of  tbo  air,  and  not  from  Nature's  abliorfence  of  a  vacii- 
iirii,  as  ivaa  at  the  time  Bupposed.  If  the  limit  to  wbicL 
water  can  be  raised  by  suction  is  veachGtl  when  the 
weight  of  ihc  column  of  Hqiiiil  equilibrates-  the  weiglit 
of  the  air,  a  Leavier  fluid  will  be  raised  to  a  less  height. 
Accordingly,  a  pump  onght  to  raise  qui-c-ksilver  ouly  as 
many  inches  aa  water  feet,  for  the  respective  weiglits 
are  as  1  to  13^.  ToiTicelli  found,  by  raieans  of  a  pump 
fixed  to  a  long  ghsa  tube,  that  bucIi  was  the  case. 

TJiat  it  is  ihe  pressure  of  the  air  that  supports  tlie 
mercurial  column  is  definitely  proved  liy  Pnecal's  eiper- 
tmf'Ht  of  tiikinp;  a  barometev  up  a  higli  uiOHHtain.  As 
tlic  height  of  nir  above  the  inatninient  is  decreased,  the 
column  of  niercnry  nlso  decreases  in  height.  Advan- 
tage! is  taken  of  this  fact  to  delermine  the  hoiglit  of 
mountains. 

The  principlo  of  th-e  liarornGtcr  may  be  illaetraled  by 
Fig.  aat.  snbstitiilini^  for  tlie  pressure  of  the  air  the  preae- 
-  -j    ure  of  a  column  of  water.    If, some  qnicksilver 
r\.:^   bo  put  at  the  bottom  of  a  deep  jar,  a.  Fig.  234, 
I      and  a  long  Lube,  fi,  plunged  into  It,  on  poin-inEf 
I      water  into  the  jar,  for  every  13*  inches  in  depth, 
o  poured  ill,  the  ipiickailver  will  rise  one  inch,  the 
merciiri.ll  colntim  counterpoising  the  colitmn  of 

t water  ju^c  ua  it  does  the  coiuniii  of  air  in  the 
case  of  the  barometer. 
Mr.  Boyle  discovered  that  the  pressure  of  tbo 
air  is  variable,  the  mercurial  cohimn  somctimea  falling 
to  27  inches,  flomelimea  rising  to  30.  The  range  is 
commonly  estimated  at  2.5  indies.  It  is  less  in  the 
iropics.    These  changes  are  irregular,  and  depend  on 

Who  invGntfiil  linrdmclnr  ?  AVhiit  wen?  ilip  pirciimstnni'e'i  uF 
fliu  inveniion?  Wlmt  ivns  PA^cnl's  e^tjieriinent?  How  niny  ilic 
lihenomcnn  of  iho  tinronieier  be  iilustrntui!  liv  the  prcsBiire  of  n  iva^ 
ter  -colamn  ?    Wbat  ora  tlis  irrogularitieB  of  the  bnroincter? 


moteorological  events.  A  sudden  change  in  the  baiom- 
ctei'  ia  rugai  ilcd  hy  senmcn  !is  iiKlicatiii™  an  tipproacli- 
ing  storm.  There  are  also  regular  varialions  during  ilie 
iday,  the  colitmn  risiug  twice  in  24  lioui's.  In  vintei' 
first  niaximnm  is  about  9  A.M.,  the  miuiniuni  at  3 
.M, ;  liie  second  niaxiiuuui  :it  9  P.M. 
The  pressure  of  the  air  anil  its  variations  cati  .also  be 
measured  l)y  an  insUumcot  called  tlie  Aneroid  Earoui- 
eter,  wliicli  consists  of  an  eluatio  nielal  bo.t  partly  ex- 
linusted  of  air.  By  tlie  .tid  of  multiplying  luvere,  the 
"variations  iu  the  eiae  of  this  liox  are  conveyed  to  an  in- 
dex which  plays  npou  a  divided  scale,  and  enables  the 
observer  to  read  the  amount.  It  must  be  graduated  by 
a  Gtandard  in«:;rcurial  iDstrunient. 

-  Many  causes  lend  to  give  rise  to  local  disturbances 
iu  the  air.  In  its  lower  strata,  combustion  and  respira- 
tion are  tending  to  diminish  the  osygen  and  intrense 
the  carbonic  acid.  On  the  contrary,  vegetation,  luoru 
particularly  at  tlie  equator,  diminishca  llm  carbonic  acid 
and  incrcasGS  the  oxygen.  But,  nolwitlislaiiding  these 
distDrbances,  and  the  fact  that  the  constitu-  j,„ 
ents  of  the  air  are  of  difftrent  specific  gravi- 
ties, its  composition  is  nearly  the  snrac  every 
where.  This  ia  owieg  partly  to  the  windw 
and  partly  to  the  principle  known  as  the  dif- 
fiision  of  gases,  which  may  bo  illustrated  aa 
follows  :  If  two  vials,  h  235,  are  rinsed 

out,  /*  with  ammonia  and  e  ivilh  bydrocliloi-ic. 
acid,  each  becomes  filled  with  the  vapor  of 
the  liquid  used.  On  placing  tliem  monlli  In 
mouth,  ns  in  the  fi£nre,  dense  while  fiimea 
of  sal  ammouiafl  (NH4CI)  appear  simultane- 
otisly  in  both. 

The  same  effect  will  tate  place  even  though 
barriers  intencne,  as  may  be  shown  by  tak- 
ing a  porous  earthenware  cup,  a  a.  Fig.  23C, 
Biicli  as  is  nsed  jn  Grove'e  battery,  and  ce- 
menting into  its  mouth  a  tube,  b.  A  wide- 
mouthed  bottle,  c  o,  btin£t  placed  as  a  uover  over  tho 

Wlmt  are  iho  diamal  vHrintiona  ?  Whnr  ii  the  Ain?rii!i1  ?  ^Vliiir 
leniis  to  eliiin(!;e  ihc  romixisilicsn  oF  llic  nii  ?  Hrw  is  ilip  nir  kq.l 
Unifnrin  in  tompOBilioii  ?  How  innv  difi'iisifin  be  illiistraled  ?  Hen 
IBh;  it  be  ^hon-n  to  g-ccur  throtiglk  l>ai'rier»  ° 
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porous  cup,  it  may  be  filled  with  hydro- 
gen by  ilisj>liiceraent.  If  llio  euj  of  |Ue 
tubG  bG  put  iu  waLer  in  a  cup,  rf,  tbe  wn- 
tur  will  rii^Ii  up  the  luomeDL  the  bottle  is 
removed.  The  hydrogen  diffuses  out 
through  the  porous  cup. 

Eveu  InJia-rubber  will  allow  tbe  -Bame 
resiilta   to  be 


iHg.  sai. 

Kliown.  Let  a 
boitlc,  l>,  Fig. 
237,  he  tnkcn, 
and  the  moutli 
having  buen 
closed  with  a 
ehcct  of  India-  S| 
rubber,  let  it  bo 
exposed  under 
a  jar  of  car- 
bonic acid.  It 
swells  up,  and 

assumes  a  dome  shape,  the  acid  Ijaving 
difiiiaed  iiito  ihc  bottle.  Or,  if  the  bottle  be  lillecl  with 
carbonio  acid,  aa  at  a,  and  exposed  to  the  air,  llie  car- 
bouiu  Huid  will  diffusa  out,  and  the  India-rubber  be  de- 
pressed. 

By  aiibslaneea  which  can  not  bo  re^iirded  aa  having 


Fiij,  iSi. 


nny  pores  at  all,  the  same  pbe- 
^^^^^^^  tionienaare  exiiibited.  In  Fig. 
^  238,  afl  is  a  bottio  rinsGtl  out 

wiiii  ammonia.    By  means  of 
a  tube,  6     a  sonpbubblc,  c,  is 
blown  in  it.    If  soma  of  the 
^^^^M^.  air  from  tbe  bubble  bo  drawn 

-^^^^^^^Nlk          into  the  month  it  will  be  found 
Lt^^^M^^^  to  have  at  once  acquired  an 

ammoniacal  taste  ;  or,  if  a  rod 
dipped  in  hydrochloric!  acid  be 
presented  to  the  projecting 
end  of  the  tube  6,  copious 
white  fumes  arise.  ' 
Dr,  .1.  W.  Driipi-r  showieil,  by  the  nid  of  th<?  apparatus 

Dew^rilio  b'vj.  23T.  How  mny  diffusion  ttirough  porclen  mediA 
bo  sliown  f 
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P!ff.  239,  that  sulplmi-etecl  hydrogen  will  dif-  i^ff-SM. 
fuse  into  atmospheric  air,  tboiiglj  resisted  by 
a  pressure  of  760  pounds  on  the  squai'G  iiicli. 
It  ootisista  of  a  strong  tabe  heriuelically 
scaled  at  one  end,  ihrougli  which  a  pair  of 
platiuuiD  wires,  b  t;  paae.  The  other  end, 
a  a,  is  closed  by  a  sheet  of  India-viibber.  Th  e 
gaiige-tnbe,  rf,  wiiicli  indicates  the  pressure, 
carries  at  its  top  a  little  cup  to  contain  ace- 
i:ite  of  lead,  or  any  other  reagent.  On  con- 
necting  b  and  c  with  a' Voltaic  pile,  the  wa- 
tei'  which  fills  the  tube  to  e  e  is  decomposed, 
and  osygen  and  hydrogen  accumulate  in  the 
mbe,  exerting  a  pressure  greater  and  great- 
CI'  as  the  deconipoaition  is  prolonged.  The 
whole  apparatus  may  then  be  subjected  lo 
a  j;tr  of  sulpburetcd  hydrogen.  It  will  be 
found  to  pas3  through  with  facility,  coloring 
the  acetate  of  lead  solution  black  or  deep 
brown. 

That  the  atmosphere  is  a  mistuvc,  and  not 
a  compound,  la  proved  by  its  easy  deeompoalbilily,  its 
refractive  power,  and  by  the  fact  that  ila  constituenta 
retain  their  properties  uncliarged.  Thfl  oxygen  and  ni- 
trogen may  be  determined  as  already  dcecribed:  the 
carbonic  acid  by  potasaa  or  lime-w.iter,  the  aqueous  va- 
por by  the  method  for  the  dew-point. 

Atmospheric  air  being  thus  an  elastic  and  conipressi' 
ble  body,  it  ia  necessary  to  deterniinc  the  law  of  ir;^ 
its  change  of  volnuie  iindcr  changes  of  pressure. 
This  is  known  as  Marriotte's  law,  and  applies  to 
many  other  gases.  17te  i^olt/we  of  a  gas  is  in- 
versdif  as  the  presmire  iijion  i(.  This  law  16  of  the 
Utmost  importance  in  gaseous  cliemistry.  It  is  il- 
lustrated by  the  instrument  /'Vff.  240,  in  wbid.i  a  I 
is  a  bfltit  lube,  open  »t  «  and  closed  at  The 
branch  a  may  be  several  feet  long,  and  &  six  inch- 
es. A  small  quantity  of  mercury  ia  poured  into 
Ibe  tube  so  as  to  occupy  tJie  bend,  aud  gbut  up  a 
cohimn  of  air  between  d  and  !>.    If  the  tube  be  lilled 


210, 
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Hnw  may  diffusion  ogainsl  prcssarc  be  demDnstraLod  ?  WTiut 
praors  ara  tlicrc  that  the  armosphere  is  n.  mixture  ?  What  is  Mar- 
riotte's luw?    IIoiv  luny  its  troth  bo  proved  ? 


■Willi  mercury  to  the  height  of  30  inches,  the  pressure 
of  tliis  eohiiim  is  exerted  on  tiiu  air  in  b;  ntnl  as  there 
are  now  ilio  weight  of  two  aCiiiosjihereii — ilial  of  the 
ordiuary  aliuosplsere  and  thnt  ot'llie  merKurial  coluuiii 
— it  is  comliressed  into  half  its  formep  volnme,  c.  If 
wo  bring  Kpou  it  three  altnosjiheres,  it  compreeses  to 
one  third;  four,  to  one  fourth.  And  the  law  of  conrse 
liolda  good  for  diminution  of  pressure;  reduce  the 
pressuro  pno  half^  the  vohimo  doubles,  etc 
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Protoxide  op  Nitbooen.  iV"0=22. 

If  nitrate  of  aminouia  ho  exposed  to  a  temperature  of 
350"  io  fi  retort,  Fig.  241,  it  is 
decomposed, beingTasolved  into 
water  and  tlio  protoxide  of  ni- 
trogen. Tile  former  condenses 
in  the  neck  of  the  retort,  the  lat- 
ter rises  into  the  jar.  If  whitifih 
i'liiLifis  are  evolved,  they  indicate 
that  the  temperature  is  too  hiwh. 
The  <3eoomposition  is  very  Eiimple. 

A^Os + NfT^  ^  2  ( A'^0 ) + 3  { ^O) . 
One  atom  of  the  salt  yields  two  atoms  oftlio  protoxide 
of  nitrogen  and  three  of  water,    Opo  ouace  of  the  ni- 
trate produces  two  gallons  of  the  gas. 

The  protoxide  oi  nitrogen  ia  a  colorless  transparent 
gas,  having  a  Bii'cetish  taste.  It  is  Boluhle  in  water, 
that  liquid  dissolving  about  its  own  volnnic  of  the  gas, 
ljut  giving  it  up  on  beingboiled.  Its  specilic  gi-avity  is 
1.627.    A  hunilred  cnhic  inches  wcin;li  47.fl3  grains;  it 


Hijw  may  jivoloxidc  of  nilrogdn  bo  raadef  Whnt  are  ita  proper- 
lies? 
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is  tliei'efgre  Iinlf  ag  heavy  ag,^iIl  aa  snr,  and  rnny  lac  col- 
leuted  by  displaueineot,  llie  spcciiic  gravity  lieinff  tlic 
same  as  that  of  carbonic  acid.  It  may  be  liquefied  at 
45°  by  a.  pressure  of  fifty  atiiioFpl teres,  and  at  150°  be- 
low zero  freezGE  into  a  ti'aiisimrerit  (rrystailiuo  solid.  In 
!iiB  liquid  form  it  is  colorless,  and  boils  at  — 125'^.  A 
drop  of  it  falling  oji  the  Btiii  produces  the  ellect  of  a 
Inira,  Mercury  siiilts  in  it  and  IVeeztis  into  a  solid. 
The  liquid  protoxide  mixed  with  bisulphide  of  carbon 
)iroduce3  the  lowest  temperature  yet  attaineil,  —220°. 
If  tbo  liquid  be  forced  into  the  air  frotu  a  jet.  a  part 
freezes  into  a  solid,  the  same  occurring  wbcu  it  evapo- 
rates in  vacuo.  It  is  composed  by  atom  of  one  of  iiiiro- 
-gen  and  one  of  oxygen,  and  by  volimie  of  two  of  nitro- 
gen united  to  one  of  oxygen,  condensed  into  two  vol- 
umes— a  constitution  like  tliat  of  water.  As  il  contains 
half  it3  volume  of  oxygen,  it  supports  combustion  act- 
ively ;  a  spark  on  the  wiclt  of  a  taper  introduced  Into  it 
bursts  into  a  flame,  and  pLosphoriia  burna  with  great 
briUiancy. 

Protoxide  of  nitrogen,  ov  laoghiug-gas,  as  It  ia  popu- 
larly called  frota  the  following  circumstances,  possesses 
remarkable  physiological  properties.  When  breathed 
il  produces  a  transient  inloxication,  oiviug  to  the  rapid 
oxidation  that  is  set  np  throughout  the  system.  It  is 
uven  more  active  than  pure  oxygen,  because  it  ia  more 
ireadily  sol  ubie  in  the  blood,  and  therefore  cnuHCs  a  more 
rapid  comhnsLion  of  the  tifisnos,  Theindividu.il  under 
its  influence  has  a  great  flow  of  ideas,  an  irresistible  tend- 
ency to  iaiigh  and  undergo  great  nuiscular  exertion, 
and  not  iulVequcntly  becomes  pugnaeiouH.  This  etnie 
is  aucccoded  by  one  of  depression,  on  account  of  the  ao- 
eumulation  of  carbonic  acid  in  the  blood,  the  lungs  not 
being  able  to  remove  it  as  fast  as  produced.  The  respi- 
ration of  tbo  proloKidc  is  not  unattended  ■willi  danger, 
as  it  may  contain  chlorine  or  deutoxide  of  nitrogenv  or 
iu.iy  dangerously  atiniulatG  an  excitable  conetitiitlon- 

Deutoxide  op  NnitoflEM.    JVO^— 30. 

The  deiitoxido  or  binoxide  of  nitrogen  is  made  by  the 

How  niny  it  b-a  lifiaefied  ?  Whm  ure  the  rfopmies  of  lifiMefied 
pi-'jtox.ide?  Why  does  i I  Hnpport  eombuslion  ?  What  nrc  ils  rela- 
lifins  to  rejjiirQiiDTi  P  Wlij  ilocs  it  intosicute  ?  Wliiit  la  ihc  oaiiFC 
of  ibe  anbaei[nent  dcprcssioii  ?   How  is  deutoxido  of  nitrogen  made  ? 
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Uoii  of  itlUute  nitric  acid  on  slips  of  copper.    The  nen- 
easary  apparatus  is  reprcaetited  in  Fiff.  242. 
Fresh  supplies  of  Ditric  acid  Are  ocoasional- 
M  ly  to  be  added  through  tlie  funnel,  whea 

the  action  Blac!keuii.  It  is  a  colorless  gas, 
hud  may  b-e  collected  over  water,  aa  that 
fluid  only  absorbs  one  twentieth  of  its  vol- 
ume of  it. 

It  ia  composed  of  equal  volames  of  nitro- 
gen and  osygcu,  united  without  condersa- 
uoii.  Its  Bpeoifie  gravity  is  1.0303;  100  cubic  inches 
weigh  3.2.10  grains.  It  does  Dot  support  combuBtion,  a 
lighted  tiipci-,  ignited  cam|)hor,  or  eiilphor  being  extin- 
gulslied ;  but  if  phosphorus  in  jnteuBe  ignitiou  be  placed 
ill  it,  the  combuatiou  is  increased  \a  activity.  The  same 
ifi  true  of  potassium  or  sodium.  The  vapor  of  bisiilpliide 
of  oarhon,  misred  with  the  deutoxide  and  set  on  fire, 
causea  the  evolutioa  of  a  moat  intense  light,  and  llie  pro- 
duction of  carbonic  and  sulphurous  acids,  \Yith  the  lib- 
eration of  nitro[ren. 

Iron,  nvsenio,  eome  sulphides  and  sulphites,  and  proto- 
chloride  of  tin,  decompose  it,  protoxide  of  nitrogen  be- 
libevatcd. 

Tlie  most  remarkable  quality  of  dentoxido  of  nitrogen 
ia  its  action  on  mixtures  containing  oxygon,  as,  for  ex- 
ample,  aLraosplieric  air.    It  at  once  produflcs  red  fumes 
of  niti-ous  acid,  the  dentoxide  takiug  up  two  atoms  of 
oxygen.    For  tbia  reason  it  has  been  used  to  effect  the 
analyaia  of  air,  certain  precautions  being  adopted.  The 
^deutoxide  must  be  addod  in  a  araali  steady  Etream  to 
Tie  air ;  red  fumes  are  produced,  which  are  removed  by 
""the  water  of  the  pneumatic  trough.    The  residual  gaa  is 
lesa  in  volume  Uiatt  the  air  and  detitoside;  ono  fourth 

i of  the  deficit  represents  the  volume  of  oxygen  original- 
ly presGot. 
I  Solutions  of  the  protosnlphatc  and  proto chloride  of 
tron  dissolve  this  gas,  a  greetiiish  ■  black  liquid  beitjg 
Ibrmed.  It  escapes,  however,  iu  a  vacuum,  leaving  the 
I  Docs  it  support  combustion?  Wtint  \^  its  iidiun  on  kqh^oiie  mix- 
tores  tonlninlnj;  oxvgeii?  How  mnj-  it  be  used  to  ilclormine  ihu 
Braonnt  of  oxvtien  ?  What  are  ins  rcliiLioDB  to  protOHulpbnCQ  aod 
pi'DlovblciridG  of  iiun? 


yvi'oNlTKOua  akd  nitrods  acids. 
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iron  Ealt  uncbanged  ;  lieat  only  parUally  expels  it.  Tho 
dcutojiide  yields  iu  llie  KpGcti'oseope  the  red  tand  of  di- 
trog'eD,  and  near  \l  one  derived  troau  the  osygeu. 

HvpOMiTBous  Acid.  JVOj—38. 
Thia  swbstaiice,  now  frequently  called  iiitronB  acid, 
niEiy  be  made  by  inixiug  four  volumes  of  dry  tleutoxide 
of  iiitrorren  ivitli  one  of  dry  oxygen  ovtr  mercury. 
There  arises  a  greeu  fluid,  colorless  Loweyer  at  zero, 
■which  gives  ofl'an  oraugc  vapor.  It  may  be  produced 
from  the  action  of  8  parts  of  nitric  acid  on  1  of  stnrcli, 
tlie  evolved  gases  being  dried  by  clilonde  of  calciUD), 
and  then  conducted  into  a  tube  cooled  to  zero.  It  is 
doubtful  wlietiier  the  acid  has  yet  been  produced  pure; 
it  is  generally  contaminated  with  nitrous  or  citric  acid. 
Water  decomposes  it  into  nitric  neid  and  detitoxide, 

It  forms  a  class  of  ealts  called  the  liyptjnitritea  or  nitritcE. 
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Nn-Kous  AcjD.  KO^=iQ. 
Thjs  acid  is  also  called  liyponitrlu  acid  and  peroxide 
of  nitrogen.  It  may  bo  made  from  the  union  of  one 
volume  of  dry  oxygen  with  two  cf  dry  deutoxide  of  ni- 
trogen, the  miJiture  being  cooled  to  20".  It  also  arises 
in  the  earthen-ware  cup  of  Grove's  battery  fi'om  the  dc- 
oxidation  of  nitric  acid.  It  ia  most  conveniently  pre- 
pared by  distilling  in  a  retort,  a.  Fig,  243,  dry  nitrate 
of  lead  at  a  high  ternperattire,  and  receiving  the  product 
into  a  tube,  ft,  artificially  cooled  by  a  freezing  mixtnrc,  c. 


How  niBV  hyponilroiifl  Hcid  lio  mntlis  ?  Wlinl  are  its  jiruperlief? 
What  iBlbQ  BcCion  of  water  on  it  7   liowmajr  itilrons  nciU  be  tnudti? 


rnoPBBTiBS  OP  BiTBors  Aan. 


iiitrcms  AciJ  condenses  ss  a 
colorless  li<]iiid,  wliich  becomes 
yellow  n3  the  teiupGrntiire  rises. 
Its  Bpccific  gravity  is  IA5.  It 
crystallizQB  at  16",  auJ  boils  at  82°. 
h  can  only  be  [jreseived  in  ber- 
inotically- sealed  tubes.  The  va- 
|inr  ti  Intni-ciiliiig  titiiicHlly  ;  when  its  temperature  is  low 
it  Ih  (iiilorloKM,  at  '^-2°  it  is  pale  yellow,  at  60°  deep  oraiigis 
iiiiiil  tiiiiklly  bitotiiiius  by  lartlicv  healing  almost  black.  If 
iJiii  t(<i"  t'u  L'^iiiiniiiud  by  tlio  aid  of  a  prifim  or  Epecti'o- 
nmj|iu,  11  (rrual  imiiibi.'r  of  Vintya  ura  found  in  the  spectrnm 
I'l'  ll^liL  lluil  \>u*  i>ma<:il  through  it,  (pagQ  SS).  As  tlie 
l.uini|Ji!i'ul.iii'i>  U  uaiiauil  to  rise,  those  increase  in  brcndtli 
mill  iiiiiiilim'  to  Hiiuli  nil  extent  that  eventually  no  light 
III  nil  o;iii  puaii. 

Nili'i'UN  i\w\  wlicn  onoc  mixed  with  atmospheiiG 
nil',  will  with  ditHoiilty  bo  coiideiisoLl  into  tlie  liquid  form. 
U  ia  irvoii|iirjibli)  uml  of  a  BiiflbcatEng  odor.  Nitrous 
auld  Id  ili>uuiupuiti.id  by  water, 

iiitvid  a»ii.l  iiiul  ili>iiti>xiilu  of  nitrogen  ansiiig  at  bigher 
tuiiipui'iuiivun,  >vliilD  fill  luwur  ones  nitric  andbypooitrons 
iiitiiU  tti-o  fdnmuil,  •jJVOi^  .VOn  +  A'Oj,. 
'I'ho  viipor  uf  iiiuvuH  uulil  ia  ubsorbctl  by  nitric  auid, 
oiiiiiiiiiuiinaiiug  U)  it  i;i>]ora  ^vliii'h  vary  with  the  specilic 
tji'iU'il  V  of  Iho  iiilrio  ftoiti,  At  1.5  it  deep  orange,  at 
li  t  viiilow,  at  1.3  fjvocuish  blno,  at  1.15  colorless. 

'nuiiiyli  iiiiroiis  iiuiil  dues  not  combine  without  de- 
OQtii|iti)iilion  with  alknliiiu  baaos,  it  forms  some  reinai'k- 
ahlu  liutiiliiiiaiiiiuhi  willi  or^aniu  bases.  rvrosyUce,  or 
(^lui-ctiltmii  ut'  Llio  fxplofiivu  variety,  coutaina  5  equiva- 
luiita  of  Uiis  Heiil,  pliotogr.ipbiu  pyroxyliuo  4  equivalents. 
That  baviiiy  ;i  oqiiiviilonts  of  nilroua  acid  forma  an  opal- 
imi  11(1(11(111  ivtiuTj  disaolvotl  iu  ether  and  alcohol ;  that 
with  U  i'i|iiiv!diiiita  ia  soluble  iu  water. 

Nili'uUd  noid  is  a  powerful  oxiilizer,  sulphur,  phos- 
phiii'Ui,  iiud  tlm  metals  tleoomposiiig  it  with  the  evolu- 
tion of  nitiHigcii. 

What  aif  tt>  |ii'o|>rTili»  ?    IIuw  Jua  ihe  eo\or  of  ita  vapor  cbong^e 
fall     WliiU  i»  sunn  on  cxaniin iii|>  tba  speL-tnim  of  lif^hc  pn»ed 
ill?     WUnb  i:i  ihi!  tUVoi  of  wat«^T  on  niLrous  acid?  What 
VPl'vHnilsi  ol'  niu'inia  uui^l  wiih  oi^anic  'bases? 
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NiTBiG  Acid.  J^O^=Si. 

Kiti'ic  acid  was  discovered  in  the  ninth  century  by 
the  alcbemiata.  "Until  the  tliscovery  ot'thia  .ii]<l  soma 
of  lliG  other  poweJ'iVil  acids,  chemistry  can  hardly  he 
said  to  have  existed.  TliC  Egyptiaos,  Greeks,  and  Ro- 
loaos  had  no  acid  stronger  than  vinegai'.  The  consti- 
tution of  Ditiifl  acid  was  determinGd  synthetically  by 
Cavendish.  He  formeJ  it  by  passing  electiic  sparfca 
through  a  mixture  of  7  volumeB  of  oxygen  and  3  of  ni- 
trogen, in  contact  with  a  solution  of  potaasa.  Nitrate 
of  [lotassa  ivaa  obtained. 

Nitrio  acid  exists  to  a  small  extent  in  rain-water,  and 
in  this  case  eilber  arises  from  the  effect  of  the  olcetrio 
flaslics  upon  the  atiuosplierc,  or  from  tfiQ  oxidation  at" 
ammonia  iu  tbe  air.  The  nitrates  of  potaasa  and  Boila 
I  exist  naturally  in  tbe  East  Indies  and  in  Nortti  and 
j  South  America,  TLey  may  be  foimcd  artificially  by  tlie* 
I!  oxidation  or  decay  of  organic  matter  in  contact  with 
!  liasie  bodias.  In  this  way  the  nitro  used  for  gunpowder 
]     ia  prodiieed  on  a  large  seale  in  Europe. 

I[i  most  of  these  casca  the  nitriu  acid  arises  from  tbe 
oxidation  of  ammonia  produced  during  putrefaction. 

f  Goimnon  nitric  acid  ianiade  by  distilling  eqaal  weights 
of  nitrate  of  potassa  oi'  soda  and  sulphuric  acid.  On  this 
large  scale  the  process  ia  condncted  in  iron  vessels,  bnt 
in  tbe  laboratory  glass  vessels  are  tised. 

If  a  less  ([naiiti.ty  of  sulpbuHc  acid  be  employed,  tile 

'     nitric  acid  ia  of  an  oranj^e  color,  from  the  jjresence  of 

I  nitrous  acid ;  and,  iu  addition,  tbe  aolnb!e  biaulphate  of 
potaasa  ia  not  formed,  tut  a  spariogly  soluble  sulphate, 

i'     iind  the  retort  may  "be  lost.    Tbe  decomposition  ia  as 

!     IbllowB : 

,  The  hydrated  nitrio  acid  thus  produced  ia  a  colorless 
liquid,  which  boils  nt  247°  if  its  specific  gravity  be  1.42, 
the  boiling  poitit  being  liigber  it'  the  proportion  of  wa- 
ter be  larger.  It  freezes  at  —40°,  bnt,  when  diluted  with 
half  its  bulk  of  water,  at  —2°,    It  is  decomposed  into 

When  WH3  nitric  Mid  liiKCOvcre il ?  How  did  Cavendish  form  it? 
'Why  does  nitric  afiil  exist  in  tniti-Watcr  ?  From  wliftt  enufrt-s  is  ni- 
irnrc  of  potugsji  prndiicud  ?  Hnw  may  nitric  acid  nrisa  from  nmnio- 
nin?    IIoiv  jna^  tucric  acid  be  made?    What  nr-e  iU  properties? 
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oxygen  and  nitrogen  by  passage  throagTi  a  white-Iiot 
lubu;  al,  a  lawer  lemperaLui-e,  nitruua  acij,  water,  and 
oxygen  arise.  In  tlialtfiht  it  biiUlts  tleconi position  fliui 
turns  jellow,  on  account  of  the  nitrons  acid  wbich  dis- 
Bolves  in  il;  it  may  be  freed  from  that  acid  by  boiling 
in  a  glnsH  vessul.  From  its  property  of  liuging  nnimnl 
Bubstiinoes  yellow,  it  is  useful  in  dyeing.  Its  action  on 
many  metals  and  conibustiUe  bodies  is  very  violent, 
from  its  great  oxidizing  powers.  Poured  on  pbospliorua 
it  produces  an  -esploBioii.  If  soniu  jiiecos  of  irpii  me 
Fi</.m.  platted  in  a  ^laes  under  a  bell-jar,  J'iff.  244,  the 
vapors  of  nitrons  acid  are  given  off  with  e(- 
fi.'rvesceiici3.  It  is  often  necessarv  to  add  a 
little  ivaLer  to  start  the  acUon.  Ignitc?d  diar^ 
coal  thrown  upon  strong  uitrio  acid  buvua 
vigorously. 

^_  Nitric  acid  was,  until  1840,  regarded  !ia  a 

"''"^^'^  liypotlietical  body,  tiic  strongefit  aqua  I'ortia 
of  a  specific  gravity  of  ].52  containing  one  equivalent 
of  water.   Its  Ibrmula  is  therefore 

though  its  molecular  constilution  is  regarded  as  beine 
JI,  NO,. 

Tlie  anhydrous  acid  is  formed  by  the  action  of  chloviiio 
on  dry  nitrat-e  of  silver,  heated  in  a  tube  at  first  to  300°, 
and«vGDtua!ly  to  150".  It  crystallizes  in  colorless  rhom- 
bic prisms,  whii;h  fuse  at  85°,  and  toil  with  decomposi- 
tion at  113°.  The  solution  of  these  cryBlais  in  water 
causes  a  rise  in  leniperalurc,  and  they  then  gain  the  acid 
properties  which  they  did  not  possess  in  tlie  solid  stnte. 

Nitric  acid  may  he  pnriSed  by  distillation,  tho  first 
parts  which  como  over  containing  chlorine  and  nitrons 
acid,  and  the  last  parts,  containing  sulphuric  acid,  "being 
rejected. 

This  hcidroaybe  detesttdby  the  addition  ofsulphur- 
io  acid  and  a  crystal  of  protosulpbate  of  iron,  a  bi"owii 
color  being  produced ;  or  by  its  action  on  copper  filings, 
with  the  evolution  of  red  fumes.  On  boiling  a  nitrate 
with  hydrochloric  acid  and  apiece  of  gold  leaf,  the  gold 

On  pHsainir  llirongh  a  hented  lube,  wlial  happens  lo  it?  Whj  is 
nitric  flcid  yellow?  Whiil  is  ila  action  on  tha  i-kiii  nuil  mcLallic 
bodies?  How  may  nnlivHrorn  nitric  nciJ  be  itiaild?  lluw  mnj  ni- 
trie  acid  lie  purified?    Uow  nuiy  it  bo  detected? 
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is  dissolved, fortning  a  yellow  solution.  The  gold  i^-ilt 
be  preeipitaKii  as  a  purple  powder  by  protoeliloride  of 
tin. 

TLg  nitrates  deSagratc  ■when  burned  witli  comljusti- 
ble  tuatter,  as  may  be  sliown  by  igniting  n  niistnve  of 
nitre  and  sugar.  From  llie  Bolubility  of  all  its  salts, 
DiCric  acid  can  not  be  determined  precipitation.  Tlie 
&alts  £ire  mostly  neutral,  though  some  of  the  metallia 
ones  are  basic. 


LECTURE  XLVHT. 
> 

SrLrnuR. — Sotercea  in  ^utw^. — Its  Three  T'iM'ms. — 
Fi>-operties  of  iSulpkiir. — Its  Vapor. —  Oxygm  Contr 
pOiindt. 

Sufph^tro-uB  Aeid. — Frepnration  andl'fopertic^, — Col- 
lection by  Displacemmt. — Bkaching  Povrers. — ifg- 
vefaCtion, —  T/te  /Sulphites. 

Sl'lphuk.  5=15. 

The  sulplini'  of  coininei'oe  is  derived  cither  from  vol- 
canic regiona  or  frunj  tbe  distillation  of  metallic  eulph- 
ides.  Iron  pyrites  contains  54  per  cent,  of  eulpliiir,  con- 
taminated, however,  with  arsenic.  It  also  enisla  large- 
ly in  the  Bwlphates  of  lime,  bai'yta,  etc.,  and  in  many  or- 
ganio  substances. 

It  is  found  in  throe  forma  in  commerce — roll  sulphur, 
flowei'9  of  sulphiiCfl  and  milk  of  sulplmr.  The  first  re- 
ceives its  name  from  being  east  into  cylindrical  moulds; 
the  secoud  is  derived  from  llie  tiret  by  sublimation  ;  the 
third  is  obtained  by  precipitation  from  the  tei'sulpbide 
of  potassium  or  protosniphide  of  calcium  with  hydro- 
chloric acid. 

Sulphur  commonly  exists  as  n  solid  of  a  yellow  color, 
and  of  n  speciflu  gravity  of  l.flQ,  having  no  taste,  but  ii 
peculiar  odor.  It  volatilizes  at  180°,  and  melts  at  226° 
into  a  yelloiv  liquid.  If  the  temperature  be  raised  to 
about  450°  it  changes  to  a  dark  brown  color,  and  be- 
comes so  viscid  that  the  vessel  may  be  turned  upside 

Wtcn  do  the  iiicrnteB  deflagrale?  Under  what  fomis  does  sul- 
phur ncHurallj'  occur  ?  Whoc  are  its  comcoercial  ibrra*?  Describo 
Iho  properties  of  Eulphnr. 

M 


down  ■without  (be  Biilphur  flowing ont.  At  aljout  600*, 
if  out  of  contact  witli  the  air,  it  boils,  producing  an  am- 
bei'-colorc<i^  vapor.  If  cooled  in  water  after  having  be«n 
melted  at  a  low  temperature,  it  solidiSes  into  ordinary 
Bolphur;  but  if  lieated  to  rear  600°  and  theu  Bucldfioly 
cooled,  it  beeomes  Glastic  like  India-rubber,  and  may  be 
drawn  into  tireads.  In  tbis  state  it  may  b-o  used  for 
taking  casts  of  coins,  etc.,  bc&ause  it  slowly  returns  to 
tlie  liard  state.  Snlpliur  presents  bix  different  allotropic 
conditions,  in  tlie  form  ol'ljluttk  sulphur  being  inHolnble 
in  bisulpbide  of  cai'bon,  wtiicli  dissolves  the  other  vari- 
eties. 

"Wiien  rcibbed  on  flaonel  it  becomes  highly  electrieill, 
aBBuraiug  the  negative  state.  It  waa  formerly  used  for 
electrical  inacbiiiea,  before  the  powers  of  glaps  were  dis- 
covered. A  roll  of  it  held  in  tiie  hand  crackles,  the 
crystals  separating  from  one  another.  It  is  a  bad  con- 
ductor of  heat  and  electricity,  aud  crystallizes  under  two 
different  forms;  it  is  llicryfore  dimorpLous.  One  of 
the  forma  is  an  acute  rhombic  octahedron,  tho  other  an 
oblique  rhombic  prism.  When  heated  to  560°  in  the 
Open  air  it  takes  lire,  burning  with  a  bine  tlanie,  and 
gives  oOFa  suffoenling  odor,  that  of  sulphuroue  acid  gas. 
It  is  wholly  insoluble  in  water,  and  hot  sliglitly  iu  alco- 
hol, ether,  and  chloroform.  One  hundred  parts  of  bi- 
sulptiide  of  carbon  will  dissolve  eavGuty-tlircs  parts 
wbeu  warmed. 

The  vapor  of  sulphur  has  the  high  specific  gi-flvity  of 
6.6+.  One  hutidred  cubic  inches,  at  the  ordinaiy  teniper- 
-ttiirc  and  pressure,  wonlij  theoretically  weigh  205.44 
grains.    In  it  metallic  bodies  burn  like  in  oxygen  gas. 

^S-  !«■  If  a  gun-barre!  containing  n 

piece  of  sulphur,  and  closed 
at  the  mu  zzle,  be  heated  red- 
hot,  the  ignited  jet  of  sul- 
phur vapor  issuing  from  the 
toueh-hole  will  cause  abunch 
■  >  of  iron  wire  to  take  Gre  and 

burn  brilliantly,  Mff.  243.    A  very  important  applicn- 

What  changGS  ocfnr  in  ii  during  melting?  Wlioi  eloctrical  con- 
(litinn  (3onB  it  nssame?  Wbal  is  hs  oonciiHTling  power?  Whv  is  it 
Called  diniotp-hona ?  What  is  prodiii^etl  lij  its  combuetion?  What 
lAeoomcnon  is  E!io\m  by  iti  ig.nitcd  Vapor? 
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tion,  in  tlie  arts,  of  sulphur,  ia  made  in  the  pvocess  catl- 
ei  vulcanization,  -which  cousists  iu  dipping  ladia-nibber 
in  melted  sulphur,  and  iben  Eubjeeling  it  to  a  tempera- 
ture of  aljoiit  300".  The  rubber  i-etulos  aboiit  tivo  per 
cent,  of  Bulphar,  and  gains  the  property  of  rtsistiiig  its 
usual  Bolvetits,  and  of  retaiuiny  perfect  plasticity  and 
pliancy  tLrough  a  raoge  of  many  degrees.  Sjlicnle  of 
inagneaia  is  often  mixed  with  the  rubber,  to  give  n 
smooth  suriace.  The  sulphides  may  be  used  instead 
of  sul  phur. 

Sulphur  haa  a  very  great  range  of  affinities,  combining 
■willi  most  inetallic  substances  in  several  different  pro- 
porlioiis,  with  hydrogcu,  and  ivilh  oxygen.  With  the 
latter  it  furnishes  seven  compounds: 

SOn,  Sclpharofts  Acid. 

50,,  Bulphuric  Acid. 

SaW,.  HyposiilptmroTia  or  Diiliionons  Acid, 
L       SgOi,  lljposiilpljiiric  or  Dithionic  Acid. 
f      S,Oi,  Tnthioiiic  Acid,  or  Acid  of  Lahglols. 

V        SjOs,  Teirath ionic  Aciil,  OK  Acid  of  Fordos  and  G-olis. 
SiO„  I'cntatbionic  Acid. 

Of  these,  tLe  first  thi'ee  are  the  most  iiuportant, 

Sin.Piiunous  Acid.  S02=32. 
This  acid  may  be  formed  by  burning  enlptnr  in  osy- 
gen  or  in  nir;  in  the  tatter  case  the  gas  ia  mixed  with 
nitrogen.  The  corabnstion  may  be  conducted  under  a 
bell-j.ir,  tho  sulpliiu-  being  placed  on  a  Btand.  A  better 
process  is  to  partially  deoxidize  snlphiiric  acid  by  heat- 
ing it  with  mercury,  nn  oxide  of  mercury  forming,  which 
ia  converted  into  a  sulpliate  by  the  exeega  of  suljibunc 
acid.  It  may  also  be  produced  by  the  action  of  sulplinr- 
ic  acid  on  charcoal,  cfipper  filings,  or  snlj>hur.  A  mix- 
tni'o  of  three  parts  of  blacic  oxide  of  raniigauese  nnd  OTie 
of  sulphur  yields  it.  It  iniist  be  collected  either  over 
mercury  ol-  by  displacemeut,  unless  a  solution  in  Water 
is  wanted. 

Sulphurous  acid  ia  ttsnally  a  transparent  colorless  gas, 
of  a,  sour  taste,  and  sufibcating,  sulphurous  odor.    It  ia 

Of  vthul  life  is  sulpliiir  in  ttiQ  mis?  What  arc  Ibo  o^tvccn  ctiin- 
poundfl  of  sii]|iliur?  Jluiv  iiinj- aiiliihuroMs  nciil  tie  niiidc?  Wtini 
otlier  proressca  arc  llicre  for 'm  mannfflcturc?  What  arc  the  prop- 
enies  of  sulpLuriius  ociJF 


entirely  irrespirabte,  and  extinguishes  flams  at  once,  be- 
ing for  tbis  reason  employed  to  put  out  fires  in  chim- 
neys, a  bandlTil  of  sulpbui- being  burnt  at  tlie  bottom  of 
thaflue.  Its  specific  gravity  is  2.2112  ;  one  hundred  cu- 
bic inelica  weigh.  88.48  grains.  If  a  Bti-eam  of  it,  wliich 
-T'jj  sw.  haa  been  cooled  bj  flowing 

from  iho  generating  flask,  o, 
JEi^. 246, through  a  benttube, 
ft,  iuimeraed  in  cold  water,  be 
carried  to  the  bottom  of  a 
jar,  c,  tho  gas  will  displace 
tiiB  atmospheric  air,  floating  it 
out  of  the  vessel.  This  pro- 
^  cess,  called  the  method  of  dis- 
placenieiit,  i3  useful  m  collecting  gaaea  soluble  in  water 
A  taper  put  m  n  jar  of  sulplioi-ona  ncid  gas  is  extin- 
ga'ished  at  once.  It  the  jar  ba  inverted  over  water  tLe 
gaa  rapidly  dissolves,  the  liquid  taking  np  about  fifty 
times  its  volume.  Alcobol  absorbs  1 15  volumes.  Veg- 
etable colors  ^submitted  to  it  are  bleached,  but  not  per- 
manently, as  iu  the  case  of  chlorine,  wliei-e  the  coloi-ing 
maltor  is  destroyed,  its  hydrogen  going  to  form  hydro- 
chloric acid.  The  colors  may  be  restored  by  an  acid  or 
alkali.  Sulphuroua  acid  will  support  the  eombustiou  of 
potassium  or  sodium  vividly. 

This  acid  gas  very  readily  takes  the  liquid  form  if  it 
be  cooled  by  a  freezing  mixturo  to  14°.  It  has  then  a 
Bpeoific  gravity  of  1.45,  and  evaporates  bo  quickly  as  to 
produce  a  very  intense  cold,  by  which  mercury  may  be 
froaen,  or  water  congealed  in  a  I'ed-hot  capsule.  Sid- 
jthuroiie  acid'siiffers  no  change  at  a  red  heat  unless  hy- 
drogen ba  present,  when  water  is  formed  and  sulphur 
deposited.  Oxygen,  iu  preseuco  of  water,  slowly  turna 
it  into  sulphuric  acid. 

Sulphurous  acid  forma  with  bases  a  series  of  salts — 
ttie  B.u!philes.  Tbey  are  easily  decomposed  by  chlorine, 
nitric  acid,  and  otlicr  oxidizing  agents,  passing  into  the 
condition  of  BViljdiatos ;  they  can  also  rcduco  the  metal- 
lic oxides. 


What,  ia  the  nioilnnl  of  displarcractii ?  What  is  iia  Bolubillty? 
IIdw  ilws  its  lilencli in c power  cumpnro  wiih  ihnl  of  chl'irinc ?  How 
may  it  ba  coriloneedf  What  nrc  ilio  jiroperiies  of  this  liquid? 
What  suits  docs  sulphurous  atid  form? 
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LECTTJRi:  SlIX. 

Compounds  of  STJueuit  anb  Oxygen. 

Sulphuric  Aci^. — Anhydroue  Sulphuric  Af^id- — Its 
Properties. — Wordhaitsen  Oil  o/Vitfiol. — JTta  Prepa- 
ration and  Constitution. —  Oowmon  Sulphuric  Aci/f. 
— Method  of  Preparation. — Properties. — Impurities. 

■    —Tests  for. 

Sypos\dpkurou3  Acid. — J^ypomlphite  of  Soda. 
SiTiPHOEic  Acid.  SO^—AO. 
This  compound  ia  the  most  important  of  all  aeida. 
Ey  its  aid  nitric,  bydroclilorlc,  and  many  other  acids  are 
prepared.  It  is  also  largely  consumed  in  the  prepjira- 
tion  of  carbonate  of  soda  from  sea-salt,  and  of  ehloi'ide 
of  lime. 

There  are  Bevei'al  varieties  of  Bnlphuric  add,  differing 
fL'om  one  another  in  the  aniount  of  water  ibat  they  con- 
tain, l6t.  There  ig  anhydroua  eulpliuric  aci<3,  oi'  sul- 
phuric anhydride  which  is  prepared  hy  heating 
Nordhaiisen  oil  of  vitriol  to  290°,  wheu  a  white  crystal- 
line Bubatauce  like  asbealoa  dietills  over.  It  fumes  in  the 
air,  melts  at  60°,  and  hoils  at  1 1 0°.  It  has  an  inlpnse  af- 
finity for  water,  hissing  like  a  hot  iron  wben  placed  In 
it.  The  acid  properlica  of  this  siibstanca  are  very  slight; 
it  shows  hut  little  tendency  for  combination,  and  does 
not  form  trne  sulphates. 

2d.  Saxon  or  Nordhansen  oil  of  Titriol,  SO^-\-SO^ 
JTO,  is  prepared  hy  distilling  protosulphalo  of  iron  {gi'efu 
vitriol)  which  has  been  exposed  to  a  heat  snfticicnt  to 
remove  its  seven  atoms  of  water.  If  tiiis  dry  powder 
be  placed  in  a  retort  and  exposed  to  a  high  temperature, 
there  distills,  over  na  oily  liquid,  hence  called  oil  of  vit- 
riol. It  is  a  dihydrate — that  is,  contains  two  atoms  of 
acid  and  one  of  water.  It  completely  dissolves  sulphate 
of  indigo, 

3d.  Common  sulphuric  acid,        JIO,  called  comnier- 

WLat  is  tlic  frirraula  of  snljihnrit  nciil  ?    Wlint  varieties  of  util- 
phurie  aeid  arc  tliBre  ?    How  is  iho  anbj'drous  nciil  mndc?  WlmC 
iho  procoEB  for  niiiking  Kordhansen  tiil  o-f  vitriol?    What  is  ils 
composition?    How  is  commercial  sulphuric  acid  madoF 


270 


SCLPHCHIC  ACID. 


ciaII^  oil  of  Titviol.  It  !a  mado  by  btirning  Bulphar  or 
pyrilea  in  a  rcfjiilatcd  current  of  air,  anJ  conducting  llif 
siilphurona  acid  into  chambers  lined  with  lead,  into  ivLitii 
steam  nnd  nitrous  acid,  jH  otluted  from  the  action  of  eul- 
lihuric  acid  on  oitre,  are  admitted.  The  sulphurous  acid 
tfikea  oxygen  frOni  tho  nitrous  acid,  reducing  it  to  dctit- 
oxide  of  nitrogen  ;  biit  lliat,  jp  t«n),  takes  oxygen  from 
the  alniospheriu  air  that  is  present,  and  becomes  asain 
nitfoiiB  acid.  The  deutoxido  acts  as  an  oxygen  cari-ieiv 
Tliu  bottom  of  tlie  chamber,  being  covered  w  ith  ivater, 
becomes  grndtiaJly  satiirateil  with  Eulpbufie  acid.  ivJieu 
it  IS  drnwn  offond  concentrated  in  Icaideu  acci  then  jila- 
tiuum  boilers.  Its  specific  gravity  ia  eventually  1.845. 
It  is  n  dense  oiiy  liquid,  freezing  at  —SO*,  and  boiling 
at  650°,  SuIpliLiric  acid  of  a  specific  gravity  1.78  freezea 
st  40°  in  large  ci'j'stals. 

The  affinity  of  sulphuric  acid  for  water  is  very  intenee. 
rJjj.  in.  tube,  ft,  conlaioing  sulpljuric  ether,  be  Stir- 
red in  a  glass,  a,  Pig.  247,  in  which  a  mixture 
of  sulphuric  acid  3  potte,  and  water  1  partitas 
been  made,  the  temperature  will  rise  lo  300°, 
and  the  ethor  boil.  On  the  Karue  pnnciiple,it 
is  useful  for  removing  wnter  fi'ona  gases,  and, 
as  is  fihawii  in  Lecture  XII.,  that  liquid  may  be 
fi'ozen  on  accottut  of  tho  vapidity  with  ivhieb  sii)]ihuno 
acid  absorbs  its  vapor.  Organic  eubstancos  are  charred 
by  the  nciion  of  this,  acid,  which  removes  the  constitu- 
ent water,  and  seta  the  carbon  free. 

Sulphuric  acid  ia  not  found  pure  in  commerce,  con- 
taining sulphate  of  lead,  derived  from  the  lining  of  the 
chambGrs  in  which  it  ia  made,  and  frequently  arsenic, 
gelenium,  tin,  and  nitroua  acid.  The  dark  color  it  pre- 
aents  is  due  to  carbonaceous  matter.  Tho  acid  is  tested 
for  by  chloride  of  bannm  or  nitrate  of  baryta,  tlio  white 
Bulphate  of  baryta  being  insoluble  in  water  or  adds.  It 
reddon-H  black  woolen  materials,  but  tho  stain  is  removed 
by  ammonia. 

In  addition  to  the  above  bydratea  of  Bulphurio  acid, 
tliorc  nrc  two  others : 

i.  Rilivilrnce,  S0„  2//'0,boila  at  iSS°,  spadfic  gTEVilT  1.78. 
G.  Terlij'<3ratc,  SO,,  mO,      "■   348"'.     "  )  .03. 

Whnt  are  tho  pruperlies  of  aulphurio  iciil  f  How  niajr  ila  nffinity 
fir  WHtcr  be  eliomi?    Wlrnt  aro  its  usaal  impurities?    Hoiv  is  jt 
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Hyp OSTJUPHU ROUS  Acid.  S^O^. 

This  acid  is  only  known  in  tlie  coniliinecl  Btate. .  On 
■ittempting  to  separate  tt  froei  its  salts,  it  deconiposea 
into  Bltlphar  and  sulphnrous  acid, 

The  Lyposnlpbite  of  soda  is  of  great  use  in  photograpbia 
operations,  froni  its  power  of  dissolving  lliu  compotinda 
of  silver.  Ifauy  trace  of  the.  salt  ia  left  in  a  paper  proot^ 
it  will  eventually  cause  it  to  become  yellow  and  fade 
away. 

TiiG  other  compoands  of  sulphur  and  oxygen  posBess 
but  little  interest. 


LECTURE  L. 

SuLPnira  ahd  PBospiionus. —  Salphmeied  Sydi'ogm. 
—  "Preparation  and  Properties.—^ ZTses  as  a  Test. — 
Sulphur  WateTS. — Persulphidc  of  Hydrogen. 

|i  jpHOSPHOBUS- — Made  from  Sone-^artJu — Properti^. — 
I  Shines  in  the  Dark. — ZiiffanuiicibilUy. — AUotropic 
^^^Phosphovm. —  CompouniU  with  Oxygen. 

SuLPnuEETED  Htdeoges.  HS=l~l. 
This  gaa  may  be  prepared  "by  thiO  action  fVjjis. 
of  hydrochloric  acid  oa  eulphids  of  anti- 
mony, in  the  apparatus  Fi{}.  248,  oi'  of  di- 
lute sulphuric  acid  on  aulphido  of  iron.  It 
must  collected  over  cither  warm  or  salt 
watei'.  If  made  by  eulphide  of  iron,  the 
action  ia  as  follows  : 

MS-kSOg,  HOizzmS  \-Fe  O,  SO,. 
It  is  cilled  also  liydroHuIpLurio  aeid  and 
sulpliydrio  acid. 

SulphurGted  hydrogen  is  a  colorless  jfas,  having  a 
fetid  odor  likci  rotten  eggs.  It  is  so  diffusible  tbat  a 
very  small  quantity  will  taint  the  air  of  a  largo  room. 
It  ia  absorbed  by  water,  that  fluid  taking  np  tlirec  titnca 

Whut  nre  the  uws  nf  hypos nlplmro in  ncid  ?  How  ranj'  sulpiiaret- 
ed  hydrogen  be  prepared?   Wliat  are  its  properties? 
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its  volume  at  60".  In  lliis  tbri^t  is  rapidly  decomposeiJ 
■by  lliu  contact  of  air,  llie  liydrogen  lurmiijg-  water  with 

the  oxygen,  and  the  6ii!- 
plmi'  d(.'positiiijj.  The  sjie- 
citicgi-avitj'  of  sulplmreied 
hydrogen  gas  is  1.1747; 
ouo  hiiDdrcd  cubic  inclies 
weig^h  3W,38  grains.  It  is 
inflaiDmabie,  and  may  be 
burut  J'roin  a  jet,  as  in  7%. 
249.  If  llie  accesn  of  air 
is  unliaiited,  siitpliurons 
acid  and  water  arise ;  if 
limited,  water  ia  produced 
and  sulphnr  deposited.  It 
reddens  litmus  slightly, 
and  combines  with  met- 
als to  form  sul[ibi(les.  For 
tliis  latter  reason  it  is  very 
Taluablo  in  analytiiiul  op- 
eralious,  many  of  Ihe  8ul- 
phiiics  being  inf^oluble  and 
iiighly  colored ;  antimo- 
a  iiy  gives  an  orange  pre- 
^  cipilate,  arsenic  a  yellow, 
lend  a  brown,  manganese 
a  flesli-coloi-eil.  It  tarnishes  eilvcr,  the  metal  passing 
through  virions  shades  of  yellow  and  orange  to  black- 
ness. It  is  liquefied  by  a  pre^snre  of  17  atmospheres 
at  50",  llie  specific  gravity  hciiij;  0.9.  "When  cooled  to 
—1 22"  it  solidifies  into  a  while  stibstancG, 

The  aelicni  of  Gidplinfeted  hydrogen  is  illnstfnted  by 
writing  on  a  elieet  of  paper  with  a  eolution  of  acetate 
of  lead.  The  letters  are  invisible  nntil  exposed  to  a  oar- 
rent  of  the  gus,  when  they  become  black. 

Sulphurated  hydrogen  is  a  uatni-aJ  constituent  of  some 
mineral  waters,  as  at  Sharon,  in  New  York,  and  at  the 
Virginia  Sulphur  Springs,  It  is  also  found  in  the  air  of 
eewera  and  in  pntrefying  animnl  mailer,  and  hns  been 
siippoped  to  bt)  tlm  cause  of  miasmatic  fuvorsi.    It  is 

WliBt  ifi  its  roliiliiiiiy  ?  Wlial  iirises  from  ila  combiislinn  'I  What 
jirecipitatss  iloes  it  give  tvitli  in{:td.ll)ii  Oxidei?  At  U'hat  points  Joch 
It  liquory  nod  solidif}-?    Does  it  cxat  nataraHy't 
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very  poiaonons  when  respired,  even  when  dilate,  causing 
iiaust:^^  headaohe,  and  faintncss. 

There  is.  another  conipo  uik3  of  sulphur  aod  hydrogen, 
the  persiilphide  of  hydrogen,  the  composition  of  -which 
ia  supposed  to  bo  Sf^y  It  ia  a  lieavy  yellow  liquid,  of 
a  specific  gravity  1.76. 

Selenhtm,  Se=iO. 

This  BubstitDco  is  found  ia  ceitain  varieties  of  iron 
pyrites.  It  resGmbles  sulphur  in  many  respeots,  and  has 
a  reddish-brown  color  and  dim  metallic  J  uslre.  It  tingcH 
fiame  of  a  light  blue  color,  and  gives  off  an  offensive 
odor.    "With  oxygen  it  forma  three  compouada : 

iSrO,  0!tidi!  eFSclcninm. 
SeOj,  Selcniona  Acid. 
iSeOj,  Selenlc  Acid. 

Willi  hydrogen  it  unites  to  form  seleniuretedl  hydrogen. 

pHOSPHOKpB.  _P=32. 

This  eotstance,  go  named  from  Bhining  in  the  clavk, 
was  discovered  iu  16^9  by  Braodt.  It  h  now  pro<3m:t'i1 
from  phos]ihate  of  lime  or  hone-earth,  but  is  also  found 
in  other  animal  matters,  more  particularly  in  the  hvniw 
and  nervous  tissue. 

Tbe  process  for  production  ia  to  bum  the  bones,  gruicl 
then],  and  digest  them  in  dilute  sulphuric  acid  for  six 
hours,  steam  being  passed  into  the  mixture  to  hasten 
the  changes.  The  liquid  ia  then  strained,  evnporated  to 
dryness,  fused,  and  mixed  with  one  fourth  of  Its  weight 
of  charcoal.  It  must  then  be  distilled  at  a  white  beat 
in  a  Blone-ware  retort,  the  neclt  of  which  dips  beneath 
warm  water.  A  pnrt  of  the  phosphoric  acid  is  deox- 
idised by  the  charcoal,  carbonic  oxide  escaping  and 
phosphorus  coming  over.  It  is  purified  by  melting  and 
Btraiuiog  through  chamoia  leather.  In  Great  Britain 
about  six  tons  are  annually  used  in  the  naanufacture  of 
matches,  onG  pound  making  600,000  matches. 

Phosphorus  is  tasteless,  transparent,  and  colorless. 

What  Br«  its  relatione  lo  respiration?  What  oiher  campoaTid  of 
Eulphur  and  livdrogcn  ia  tlicrc  ?  Dcsciibc  aclcniuin.  From  v/lmt  is 
phosphorus  derived?  Describo  tho  proccsa  for  its  produetion.  To 
■abu  use  is  phosphoma  applied  in  the  arts?  What  arc  ils  proper- 
ties? 

M  2 


Exposed  to  light  it  turns  red,  even  in  a  vacniim,  ounng 
to  undergoing  n.  molecQtak-  oh.nigc.  In  p^eneral  nppeaj-- 
ancc  it  reseinhlea  wax.  Iia  thu  air  it  slowly  ojciJizes, 
smoking,  and  exhaliug  an  electrical  odor.  At  32"  it  is 
brittle;  at  110°  it  melts;  at  570°  it  boils  in  close  ves- 
sels. In  tlie  air  il  takes  Ctg  at  120°,  bnrning  with  tiie 
evolution  of  anhydrous  phosphoric  acid.  Its  specific 
gravity  ia  1.82fi.  Phosphorus  is  so  poiaonoua  that  a 
few  grains  -will  deetroy  life,  and  those  engatfed  in  the 
manufacture  of  matches  frequently  sufl'er  froia  necrosiB 
of  the  lower  jaw-bone. 

Phoaphorua  reqairea  to  be  kept  under  water  in  order 
to  avoid  oxidation,  and  mnst  also  be  handled  carefully, 
A  few  pieces  placed  between  brown  paper  and  nibbed 
take  fire,  and  it  will  also  inflame  if  sprinkled  with  lamp- 
black or  powdered  animal  charcoal.  Placed  on  dry 
•wood,  flannel,  feathers,  or  other  non-conductin_^  sub- 
stances, it  will  ignite,  if  in  thin  slices.  In  chlorine,  or 
the  vapor  ofbromine  or  iodine,  it  burns  sj^ontaneously. 

If  phosphoraa  ia  suddenly  cooled  from  the  fiised  con- 
dition it  undergoes  a  change,  beconiing  passive.  This 
allolropic  modificatioD  may  also  bo  produced  bv  distill- 
ing it  in  an  atmosphere  of  nitrogen  or  carbonic  acid. 
For  the  purposes  of  commerce  it  ia  prepared  by  keeping 
phosphonis  heated  to  450"  for  tbreo  or  four  Weeks  iu 
an  air-tight  iron  vessel.  It  may  then  present  a  black, 
gi-ay,  or  scai'Iet  color,  and  will  not  take  fire  under  a 
tetiiperatiira  of  500°.  It  is  iosolable  in  bisulphide  of 
carbon,  does  not  shino  in  the  dark,  shows  no  disposition 
to  unite  with  sulphur,  and  will  not  oxidize  in  the  air. 

Phosphorus  and  oxygen  form  fonr  componnda  : 

P^O,  Oxiiifl  of  Fho?plionis. 
PO,  Hypo  [ill  osphoroiia  Aeid. 
J'Oj,  Phi)a|)liori"na  AciJ. 
PO^,  Phosplioric!  Acid. 

Is  phoaphornS  poiaonoin?  GWa  examples  of  tta  Cfunbuslibility, 
How  may  possiTO  phosphoraa  be  inado?  How  many  compoundB  of 
pbosjiliioras  and  o^c^gcn  ure  ibcrc? 
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XECTURE  LI. 

CosTPOcsDS  OP  Phosphoecs  and  Oxtgeh.  —  Oxide 
of  I'fi.ospfioriis,  J*reparation  of. — ff>fpo'ph-osp?iorous 
anil  Pkoaphorous  Ackls. — PMispkoric  Acid. — iVep- 
firation.  —  Compounds  with  Water.  ^  Pfopertiea  of 
these  Acids  ami  their  Salta.—Phogphitreted  Eydro- 
fjen. — Three  Compounds  of  Phosphorus  and  Oxy- 
gen.— Spontaneous  T/i^amrficbiliti/  df  Phosphtiveted 
Sydtog^n.  ■ — ■  Chlorine.  —  Mxistence  in  Nature.  — 
Preparation. — Liqmfaction, — lieladont  to  Combus- 
tion and  Respiration. 
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When  pliosphorna  is  turned  iu  air,  the  red  residue 
isthtsbody.  It  may  be  fornietl  in  quan-  ri3.m 
tity  hy  pasainjj  a  stream  of  oxygen  i'rora 
tlie  tube  o,  Fig.  250,  upon  phospliorna 
nnder  hot  water  in  a  glass,  6.  A  brilt- 
iant  combustion  talieB  pl.ice,  phosphoric 
aeid  and  the  oxide  reanlting'.  The  for- 
mer ialiissolved  by  the  water,  and  the 
latter,  when  washed  ■with  bisulphide  of 
carbon,  is  left  in  a  state  of  parity. 

HrpOFHOSPHOiioca  Acid,  PO, 
is  prepared  by  acting  on  phosphide  of  barium  with  wsu 
ter,  and  treating  the  solution  with  snlphuric  acid  as 
long  as  any  precipitate  falls.  It  is  a  powerful  deosidiB- 
ing  agent.  Some  of  the  hypophosphiteis  are  ueeful  in 
medicine. 

Phosphoeocs  Acid, 

13  formed  by  the  combustion  of  phosphorus  in  a  limited 
amount  of  dry  dir.  It  is  then  seen  aa  n  dry  white  pow- 
der. It  m.iy  be  obtained  in  solution  by  Betting  a  niim- 
her  of  sticks  of  phoephorup,  inclosed  in  glass  tabes, 
around  a  fuunel  placed  in  the  neck  of  a  bottle.    It  baa 


IIoiv  is  oxide  of  phosphnniB  mailef 
nnd  phosplioroua  acids  mode  7 


How  are  hypopboBphorooi 
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powerful  ileoxi»3ieing  properties,  taking^  tlie  oxygeD  from 
Bulphurio  add,  and  causing  it,  to  deposit  siilpbur. 

PnospiioEic  Acid.  PO^. 

The  aiihydrouB  form  originates  ivIjl'ii  phosphorns  is 
*Vff,a».        burned  in  dry  air  or  oxjgen,  ^y^.  251. 

It  coiideiises  in  mIiiIg  sdowv  flakes, 
wliicli  liiss  like  hot  niGlal  wlteii  dipped 
in  water.  It  may  be  made  hy  the  ai-iwn 
of  nitric  acid  on  pljosphoMis.  It  is  very 
deliquescent,  and  scarcely  sbowa  any  acid 
properties  b<jfore  uniliii}^  witli  water.  It 
may  be  detected  by  its  yellow  precipitate 
with  molybdate  of  ammonia. 
Pliosphoric  acid  unites  with  water  in  three  propor- 
tious,  pvodiidiig 

MonoliMic  Phosphoric  Aeid  .  .  .  PO^,  JTQ 
Bibnsio  "  "...  FO^  2IIQ 

Tribasie  "  "...  PO^  ZHO 

These  also  have  been  called  inetapliosphoric,  pyro- 
phnsplio-ric,  and  comnKHi  pbosphorii!  aeida. 

The  iirst,  the  protohydrate  of  pliosjilioric  acid,  is  prn- 
diiced  wlien  any  of  the  watery  solutions  of  phosphorio 
acid  are  evaporated  to  dryness,  a  body  called  glacial 
pliosphoric  acid  resulting.  It  gives  a  while  gnmiilar 
precipitate  with  nitnite  of  silver,  nnd  coagulates  albu- 
men. ItB  salLa  contain  one  atom  of  baseio  ono  of  acid. 
By  boiling  with  water  it  goes  into  tbe  tribasic  form. 

The  second,  the  bihydrate  of  phosphoiic  acid,  can  be 
niaclu  by  Iiealing  common  phosphoric  acid  to  43  7°  for 
some  time.  It  neither  precipitatoH  silver  nor  coagulates 
albiinion,  though  its  ualts  yield  with  silver  a  flaky  pre- 
cipitate. It  also  tnms  to  tribasic  acid  by  boiling  with 
water. 

Tiio  third,  the  terhydrate  of  phosphoric  acid,  may  be 
obtained  from  phospliato  of  liniQ  by  the  action  of  snl- 
pluiric  acid,  siilpliate  of  lime  being  formed,  or  by  boij- 
iiig  niiliydrotia  plioKphorlc  acid  in  water.  It  neither 
pvecipiialt's  silver  nor  coagulates  albimieii,  bnt  its  salts, 
give  oanary-ydlow  prccil)itale9  with  nitrate  of  silver. 

Hi>w  is  anliydrous  )>luig|ilioric  ncic!  niiide?  Wlmi  compounda 
UoeaiiyinlJ  with  WHier  ?  How  la  the  protoliyilralc  pTOdnccd  ?  How 
ore  tha  bihy*l™io  and  tt'rhyiirafo  mnilo  p    "What  nrc  ilieir  properties  P 


FHOSPHUEETBD  UYDBOGKN. 


277 


These  hydrogen  aciiJa  of  plosphonia  g'ive  I'iao  to  a 
very  complex  series  of  salts,  accofding  to  the  e,\tei;it  to 
which  tijo  liydrogeu  is  I'fplaced  by  metallic  bodies. 
Tiio  monob.'isic  acid  ciiu  only  yielJ  one  daaa  of  salts,  in 
which  all  its  hydrogen  ia  replaced  hy  a  metal;  but  the 
hibasic  can  yield  two  seriefi,  according  as  llie  metal  re- 
])liices  one  or  both  atoiua  of  base ;  Uie  trihasio  can 'yield 
three  eeries,  according  as  one,  of  two,  or  three  of  the 
hydrogen  atoms  are  displaced. 

PuospnirEXTED  Hydrogen.  7*77^=35. 

Phosphorus  forms  throe  componnda  with  hydrogen: 
a  gas,  -PIlj ;  a  liquid,  J'lL, ;  and  a  Bohd,  Pnff.  The  first 
ia  beet  known,  and  ia  made  hy  boiling  phosphoroa  in  a 
Blroug  solution  of  potassa  in  a  retort,_f)V/.  252,  the  neck 
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of  which  dips  beneath  the  surface  of  water.  As  the 
bubbles  of  gaa  break  oo  the  water  they  take  fire,  burn- 
ing with  a  bright  follow  light,  and  there  ascends 
thfOHgh  the  air  a  ring  of  smoke,  which  dilates  as  it 
rises,  and  exhibits  a  rotating  motion  in  its  parts.  The 
gag  may  also  be  made  by  putting  phosphuret  of  calcium 
in  water. 

Phoaphureted  hydrogen  ia  a  colorless  gas,  having  a 
smell  like  garlic  or  pntrid  fiah.  Water  takes  up  one 
eighth  its  volume.  The  spontaneous  combualibility 
reaulta  from  an  adraixtnre  of  the  vapor  of  the  liquid 

n&w  many  atrica  of  (tales  can  each  class  yield  ?  Dcscribo  tliB 
preparation  of  pliospliiiretetl  lij-drogon.    "ffbat  are  iis  propeiiies? 


wat«r  arise.    JtM  Sf» 

t>UV  U 

tM«u.  1^  cuMOUiiJs   with  nitrogo^ 

itlMliiniiil  V  in  I  ^-74,  and  mt 

Mifi  «Ki^    It  «lerives  its  avat 

  )k  i»  aM  fMHMl  I'rea  in  nature, 

u  OmukWc*  in  ffiiwmiw  nkt  the  cliloi-ide  ol 
■  ttl  wlucb  j^vwvafiBOily  to  the  ocean. 
...  W  glWMlwwt      Um  Mtiun  of  eulphiiri« 
uuMMk  wk  aatlMlfec  «s*d«  of  nutnganese, 
Vauii«  Tir'T"—^"^ ^(17 — ■-  acid  and 
  Tb«  MOM  m  the  latter  case 


.i><.'UMM  aad  two  of  hydro- 
s.'Uuciii*  of  inaDsranese, 
Btf  the  cbloriue  is 
m  ^  •andhiBation. 

_  .s^i  .^uva  ia  sent  tu  Fig.  253, 


«  ia  thu  vetort,  'With  tbo  geuerating  taaterials, 
*«tc^^  st  rtt,  a  auii^l  receiver.  6,  ti,i.  r^tun  part  of  the 
'■    h  ihu  ^as  H>»v  bring  over;  this,  asaJn,  is 
^  iih  a  ihK>i'nW  I'f  vAK-iitui  tube,  c,  wlik-h  eP 


nil)  iJiwii;h.h1[  f 
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fecta  tSie  perfect  drying  of  the  gas.  As  chlorine  is  very 
Koliible  iti  cold  water  and  auta  on  mercury,  it  can  nei- 
ther be  collected  at  the  piieiuiiaUc  nor  mercurial  trough. 
It  may,  however,  be  gatbGrcd  over  Tvarm  water,  or  a 
saturated  Bolution  of  common  salt,  or  by  displacerncHt. 

Chlorine  is  a  greenish-yellow  gas  that  may  be  liq^iie- 
fied  by  a  pressure  of  four  atraoepheres,  or  by  cooling  to 
—  100°;  it  has  not  been  solidiSed.  Itforma  with  water 
a  cryHtalline  hydrate-,  having  the  composition  Cl+loHO. 
On  inclosing  these  ci^stals  in  a  bent  tiihe  and  healing 
ihenj,  the  resulting  chloriue  will  be  li<juefied  by  its  own 
pressure. 

A  taper  immersed  in  chlorine  burns  far  a  short  titnc, 
emitting  volumes  of  black  smoke,  I^iff.  254,  FSg.iE4. 
which  are  duo  to  the  fact  that  the  hydrogen 
of  the  fatty  compound  is  alone  uniting  with 
the  gas  to  produce  hydrochloric  atiU,  while 
the  carbon,  which  has  but  elight  affinity  for 
chlorine,  ia  set  free.  Powdered  antimony  or 
brass  leaf  immersetl  in  tliia  gaa  becocuea  in- 
candescent, and  consuraeB,  a  chloride  result- 
ing. Phosphorus  takes  fire  lu  it  at  ordinary 
temperatures,  and  burns  with  a  pale  flame.  The  odor 
of  ehlorine  is  pungent,  and,"  even  when  dilute,  irritating 
to  the  miicons  membrane  of  the  air  passages,  prodneing 
.1  boarseness  which  may  last  several  days.  Mixed  with 
aqncoua  vapor  and  very  much  weakened,  it  is  said  to  be 
of  advantage  in  pnlmoaary  complaints, 

Whnt  are  its  properiies?  What  is  its  union  on  a  bqming  t#per? 
How  does  it  «cc  on  ceriain  nei^nlg  nnd  phospbaTQsi'  Wbat  is  Lis 
eflect  on  ihe  animal  sjatem  ?  WUich  is  the  most  valualilo  property 
of  clilorine? 
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LECTURE  LU. 

Cui.ORmE,  COSTIN'UED.  —  Jileac/iivif  and  Disinfcvfhjff 
J'oicers.  —  Gvmduslionvf  Ili/drocarbom.  —  Thsts  Jhr 
Chlorine.  — C/ilorine  Water. ~Oxy()en  Compounds. 
— Jlypochlorous,  Chlorous,  Sypoddoric,  Chloric,  and 
Ferchloric  Acids. — Bleaching  \ciih  Chloride  oflAme^ 
— VMotuU  t>f  Nitrogen  an  expioaioe  Compound. — 
ITydrochloyio  Add.  —  Preparation  in  the  Gaseous 
and  /liquid  Conditions, 

The  bleaching  properties  of  ohlorine  vender  it  of  the 
greatest  valuo  in  the  arts.  Previous  to  its  introdiietiO'n, 
woven  fabrics,  for  example,  were  bleaclied  by  exposure 
to  the  sunaliine  and  moiBture,  a  process  demanding  a 
length  of  time  and  a.  large  open  space.  The  saiae  oper- 
ation can  now  be  performed  in  a  few  fiours  in  a  con- 
fined apartment.  This  property  may  be  inns' 
trated  by  pouring  a  soluiiou  of  littflua  or  indigo 
through  a  funnel,  fl,  into  a  flaak,  b,  containing 
chlorine,  Fiif.  255.  The  decoloration  takes  place 
at  onco.  A  solutioif  of  chlorine  in  water  may 
also  be  used.  Chlorine  is  employed  by  phyaiolniis 
for  disinfecting  the  air  of  foul  rooms,  as  those  in 
whith  hos]iLtal  gangrene  tias  been  prevalent. 
Such  eftiuvia  contain  hydrogen,  wliicli  unites  with  tho 
clilorine,  and  the  noxious  compound  is  dccoraposod. 
Some  have  supposed  thesQ  properties  to  bo  due  to  tlia 
evolution  of  nascent  oxygen.  It  should  bo  disengaged 
f(p,2!».  slowly,  if  patients  ai'o  in  tho  room,  by  the  ac- 
tion of  dilute  sulphuric  acid  on  chloride  of  lime. 

The  peculiarities  of  chlorine  as  a  supporter- of 
combustion  are  well  seen  ■when  a  piceo  of  blot- 
ting-paper, I^g,  250,  saturated  with  turpentine, 
is  placed  in  a  jar  of  the  gas.  It  Lakes  lire  with 
the  evolution  of  tlouda  of  carbon  atnoke.  This 
l^henomeuon  depemJa  on  the  intense  alfinity 
that  chlorine  has  for  the  electro-positive  bod- 

Whnt  is  Ihe  niosi  valuiiUle  properly  of  chlorine  ?  Ilmv  may  ii  tw 
illusiratcd?  Eow  does  \l  kc[  on  cffiuviii?  Wlmt  is  ttiB  causa  of 
Ibe  smoke  nhcn  JijclrocarbonB  ore  benjed  in  chlorino  7  ~ 
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ies,  ihoiigTi  it  nniLes  ■witli  carton  with  i'(;lnctnnce.  A 
green  wax  taper,  tlie  Avick  of  whicb  carries  a  spark, 
will  rekindle  in  cblorme,  ami  continue  to  bum. 

Free  cliloriue  may  be  tletecled  Ijy  ils  Bmell,  itB 
bleacbing  action  on  vegetable  cnmpoimds,  and  its  white 
curdj  prccipitfite  with  nitrate  of  silver.  This  compound 
chloride  of  silver,  which  changes  to  a  dark  color  lu  the 
light,  is  used  for  the  production  of  photographs  on  pa. 
per,  very  Inrge  qnantitiea  being  consumed  in  that  appli- 
cation. Cliloiinc  water  is  made  hy  agitating  water  in 
a  hottlD  of  chlorine,  the  mouth  of  the  bottle  from  time  to 
time  being  opened  under  water.  Thin  solution  decom- 
poses in  the  Bunshiiie,  oxygen  gas  being  liberated  and 
hydrochlorifl  aeid  foriucd  by  tlie  decomposition  of  the 
water.  Tlic  specific  gravity  of  chlorine  is  S.iSV,  and 
lOO  cubic  inehea  weig'h  77.04  grains. 
Chlorine  nuiles  ■with  oxygen,  producing 

CIO,  Fly poclilorona  Acid, 
CIO,,  Chbrous  iciJ. 

ClO^  Fernxide  of  Chlorine,  HypoeHorie  Aoid. 
ClO^  Cliloric  Acid. 
ClO-r,  Perchloric  Add. 

HYPOom-OEOC9  Acid.  ClO=.iS.5. 

This  acid  is  often  obtained  by  acting  on  the  red  ox- 
ide of  mercury,  suspended  iu  water,  with  chlorine.  The 
gaseous  acid  is  procured  by  placing  the  aqueous  solntion 
iu  a  tube  inverted  over  mercnry,  and  passing  dry  ni- 
trate of  lime  into  it.  It  IB  deeper-colored  than  chlorine, 
a  ruore  powerful  bleaching  agent,  and  oxidizes  vigor- 
ously. The  -warmth  of  the  hand  cansca  it  to  explode, 
as  does  also  the  direct  sunshine.  Water  dissolves  200 
times  its  volume  of  this  gas.  The  epcciiic  gravity  is 
3.04,  and  300  cubic  inches  weigh  94,16  grains. 

The  most  common  bleaching  compound  is  the  chlor- 
ide or  hvpochloritG  of  lime.  The  compositioa  secnia  to 
he  CaO\ClO  -iCaCl  Tiie  artielea  to  be  bleached  are 
saturated  with  an  aqueous  Eohitioii  of  this  stihf^lnnce, 
and  then  washed  in  dilnte  Bulphnric  acid.    The  qaan- 

How  may  ehlurine  be  dcteclEil?  IIow  may  clilonnc  wnier  he 
made,  nnd  ivliat  are  ils  properties?  N.irae  the  oxytjeii  cumpouada 
of  chlorinp.  TTow  is  hypoclilorouB  acid  nin.de,  iiiij  wimt  are  ita 
properties  ?    Wiiai  is  tho  constitution  of  bleacliing  powder  ? 
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lity  of  cliIorinG  in  chloride  of  lime  ia  determined  by  the 
process  called  clilorimetry.    TliG  best  method  is  to  as- 
certiiiii  liQw  much  aiseuiou^  &ak\,AsO^^  can  be  raised 
to  the  state  ofarBonic  acidj  -^IsOsjby  a  weighed  quan 
tity  of  the  chloride  of  lime.  ^ 

Chlorous  Acid-  ClO._t=5g.s. 
This  gas  is  of  a  greenish  color,  nnd  may  be  made  by 
imxing  arsenious  aeij  M-ith  chlorate  of  potassa  and  di- 
luted nitric  acid,  and  distiliii'S     =^  ivater-bath.  Water 
dissolvea  six  times  its  volume-    It  explodes  at  130". 

Pejioxibe  op  Cni-oKiNE,  C7(9,  =  6?,5, 

'  r^r'f^       acting  on  chlorate  of  potassa  with  eonccn- 
^.raieu  BUlphm-ic  acid  at  a  temperature  not  escecdinB 
100°.    It  is  a  yellow  gae,  exploding  at  140" 
and  Boliiblo  in  wAter  to  the  extent  of  2o  vol- 
rimes,    ]f  into  a  g'-is3,  «,  ^^ff.  257,  contain- 
ing water,  some  crystals  of  chlorate  of  potas- 
sa atid  fragmentB  of  phosphorus  are  placed 
find  suIpliLiric  acid  is  poured  upon  them 
through  a  long  fimne],  f>,  chlorous  acid  ig 
'  '^"'^      brilliant  combustion  und  cr  water  en- 
BuCBi         ■*^'-iter  becoming  yellow.    The  gas  luay  be 
leaclily  hqncfied;  ita  specific  gravity  is  2.33. 

CuLOBic  Acid.  WOj^VS-S- 
This  acid,  which  only  exists  in  combination  with  one 
atom  of  water,  ia  made  by  deoompoBinj;  the  chlorate 
of  baryta  by  6Hl|jhuTic  acid,  which  must  not  be  added 
in  excess.    This  solution  ig  to  be  evaporated  in  vacuo 
■when  a  sour,  yellowish,  sirupy  liquid  is  produced.  It 
BGts  on  fire  Biibstatices  coniainiag  carbon  and  hydrogen 
and  has  the  bleaching  power.    One  of  the  Baits,  the 
chlorate  of  potassfl,  is  of  ogc  in  chemistry  on  aceount 
of  the  facility  with  which  it  yields  uji  oxygen.    A  few 
craina  of  this  ealt  f;round  in  a  mort.ar  wil'h  snlphur  ex- 
plode  violentlv-    "When  inixod  with  sugar,  it  ig  in- 
gamed  by  a  drop  of  sulpharie  acid. 

""VVlmt  ia~chlorimcm  ?  How  is  clilorous  ncia  mnde  ?  How  jg 
ncrn\i(Se  of  clilorino  rouilc?  In  v.-hat  rantmer  mny  phoapliDrna  bo 
burned  utider  water?    How  is  elilpric  ac"!  wlin(  ara  ihe 

propcrtiua  of  thlflric  acid  ? 
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is  obtained  by  disUllinj;  pei-olilorale  of  potassa  witb  its 
own  weiglit  of  sulphurii;  acid,  mixed  willi  one  quarter 
aa  Tanch  walev.  At  '280'  a  dense  while  vapor  passes 
over.  Ic  is  a  colorless,  oily,  corrosive  liquid,  exploding 
like  chloilde  of  nitrogen  on  contact  witii  cotnbustiblB 
substances,  snch  an  charcoal,  ether,  etc.  It  fiunea  in  the 
air,  and  cEin.  not  be  kept,  even  in  tlie  dark,  without  ex.- 
'  ploding. 

Chlobine  and  Nithogex.  jVC/j  or  JVC/,. 
Tills  cotnpoiiud,  one  of  the  most  explosive  at  present 
known,  is  formed  when  a  Bolntion  of  sal  araraoniac  ia  ex- 
posed to  chlorine,  A  leaden  basin  Rhould  bo  placed  un- 
der the  jar  to  collect  the  oily  liquid,  Diilong  lost  an 
eye,  and  Davy  was  severely  wounded  by  the  explosions 
of  this  Biibatancc,  Its  epcdfic  gravity  is  1.65,  and  it  may 
be  distilled  at  a  temperature  of  160^.  The  contact  of 
oily  matter  causes  a  detonation. 

Ceilobinti  and  Htdeogen". 

Htdbochlokio  Acid.  ^C/=30,5. 
This  ftcid,  called  also  muriatic  acid,  ia  prepared  by 
placing  in  a  flask  coc  part  of  salt  and  two  of  suipburic 
acid.  The  action  may  be  aided  by  a  spirit-lamp.  The 
ga3  is  couductcd  through  a  tube  into  a  bottle  contain- 
ing water.  The  end  of  the  tube  should  dip  but  a  short 
dist.iiice  beneath  the  surface  of  the  water,  so  that  iflho 
water  should  tend  to  regnrgitulc,  it  may  be  arrested  by 
a  suitable  bulb,  and  atmospheric  air  allowed  to  pass  into 
the  flaek.  The  bottle  yhonld  ba  surrounded  by  ice-*va- 
ter,  as  a  large  amount  of  beat  is  extricated  durinp;  the 
process  of  aolution,  and  the  water  increases  in  volumo 
iroin.  one  to  two  thirds.    The  action  is 

that  ia,  one  atom  of  chloride  of  sodium  and  two  of  sul- 
phuric acid  yield  one  atom  of  hydrocbloric  acid  and  one 
of  liiBulphate  of  soda. 

Hydrochloric  acid  gas  may  be  obtained  by  heating 
the  liquid  thus  obtained,  and  collecting  it  by  displace- 
How  is  jiefchlorie  neid  ni&de,  atiil  what  are  its  properties?  Whnt 
nnj  the  propertioa  of  tlio  chloriJo  of  nitrogen  ?    How  is  bydroclilorio 
acid  made?    How  nm;  tha  gas  be  procured? 
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raeut.  It  ia  a  trunsparent  colorleea  pns,  having  power- 
ful licit)  iir&pei  ties,  and  vei  j  absorbable  by  water,  that 
fluiil  taking  up  500  times  its  volume.  It  fumes  in  moiat 
air.  If  a  dry  Florence  flast  be  tiilod  with  it  by  dia- 
placemcnt,  aud  the  mouth  of  it  then  opened  under  wa- 
ter, the  water  rushes  up  violcDtly,  owing  to  the  quick 
alisorption  of  tlie  gas.  The  specific  gravity  of  the  gas 
13  1.2783;  one  hundred  cubic  inches  weigh  39.59  grains, 
It  containa  equal  volumes  of  its  constitueate,  united 
without  condeDEHtion. 


C 
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LECTURE  Lm. 

Cdlorisb  costisced, — Ziiiitefacdm  of  ^ydi-ocFdorlc 
Acitl. — Tts  Production  by  Light. —  7%e.  C'/ilorine-My- 
clrogen  P/iofometcr.  —  Action  of  HydrocJiloric  Acid 
on  Metailh  Oxides. — Solutioit  of  Sydrochloric  Acid. 
• — Its  J^<j})eii:ies. — Tests  for  Nilro-hydrochlor-ic  Acid. 
loDiNK.  —  Method  of  Preparation.  —  Properties. — Pe- 
actions. — Its  Photographic  Pelations. — Ilydriod-ic 
Ai}{<l.  —  Compovnds  of  Iodine  with  Oxijgai,  JVitrc- 
geiiy  and  Chlorine. 

Htdkochloeio  Acid,  althotigh  gaseous  at  ordinary 
teniperatnres  and  pressures,  is  liquefied  by  a.  pressiii-e 
of  forty  atmospheres.  At  50°  it  ia  coloriess,  and  leea 
refi'aetive  than  water. 

The  pure  gas  may  bp  oblained  by  the  direct  nnion 
of  chlorine  and  hydrogen  under  the  iiifliieuca  of  flatoe, 
the  electric  spark,  or  light.  In  the  dark  the  gases  do 
not  combine,  hut  if  a  beam  of  snulight  be  thrown  upon 
A  flask  cOHtainiiig  a  miituro  of  equal  volumes,  ti  vi-olent 
cxplosioq  results,  and  tha  vesBel  is  shattered  to  pieces. 

It  was  found  by  Dr.  Draper  that  in  this  strikiDg  gi- 
perimcHt  the  action  ia  duo  to  the  chlormt;,  which,  on  ac- 
count of  its  color,  ahsorba  the  indigo  ray,  and  changeg. 
from  the  passive  to  the  activG  slate.  It  mny  also  bo 
rendered  active  by  spongy  platinum,  and  chlorine  which 
has  been  exposed  by  itself  to  the  sunshino  unites  more 

Wlint  arc.  i[3pra|.ieniesf  How  maj  ils  si-lubiliij  be  Elinwn  ?  How 
may  livdrochloric  acid  fioa  be  liqueficil?  What  ia  ilie  action  oftnin- 
ligtii  on  n  niistTiro  of  tLlorioe  aad  liydroeen?  To  wiiich  of  tlieso 
bodies  is  tlio  ncLion  dito  ? 
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readily  witli  hydrogen.  Dr.Draper  invented  a  photom- 
eter baseti  ou  these  pheooinena  (pago  91),  ntid  with  it 
detertiiii(cd  mnny  most  valualjle  photo-chemical  facta 
{Philosophical  Magazine,  December,  1843). 

When  liydrochloric  acid  is  brought  in  contact  witli 
metallic  oxides^bolh  are  decomposed,  a  metallic  chlor- 
ide and  water  resulting. 

or  0^+ZffCl=M^  SffO; 

thntis,  one  atom  of  a  metallic  protoxide  with  one  of  liy- 
drochloric acid  yields  one  of  protoehloride  and  one  of 
"water.  In  the  case  of  a  eeaquioxide,  ono  atom  -with 
three  of  liydrochloric  acid  gives  one  of  metallic  sesqui- 
chlovide  acd  three  of  water. 

The  constitution  of  hydrochloric  acid,  and  its  Fif.uf. 
.iciioii  on  ineta.llic  oxides,  aio  Btrikingly  sliown 
ty  taking  a  flask,  -fi'y.  258,  filled  with  it,  and 
pouring  a  fioe  strenm  of  peroxide  of  mercury 
in  through  a  funnel.  The  chloride  of  mercury, 
corrosive  sEblimate,  forma  at  once,  and!  drops  of 
water  cocdensa  on  tbc  sides  of  tlie  flask. 

Liquid  hydrochlovio  acid,  or  spirit  of  salt,  as  it  is  cjill- 
cd  from  its  origin,  is  the  most  commonly  used  form. 
It  lias,  when  very  concentrated,  a  specific  gi'avity  of 
1.21,  boiling  at  112°,  and  freezing  at  —60'.  It  contains 
42.4  per  cent,  of  the  acid  gas.  The  boiling  point  ts 
highest,  230°,  when  the  specific  gravity  ia  1.084^  and  the 
liquid  contains  20  per  cent,  of  dry  gas.  The  strong  add 
is  we.ikened  and  the  weak  strengthened  by  boiling. 

The  comraorcial  acid  is  generally  yellow,  partly  from 
chloride  of  iron  and  partly  from  the  particles  of  cork 
.and  Inte  that  may  have  fall-en  intc*  it.  It  may  also  con- 
tain fiulplmric  acid,  chloriuej  sulphurous  acid,  tin,  or  ar- 
senic. From  tho  latter  it  ia  separated  by  distillation 
over  Bulphide  of  barium. 

The  testa  for  hydrochloric  acid  are  first  the  c[ense 
white  fumes  of  sal  ammoniac,  the  chloride  of  ammo- 
nium, that  it  yielda  with  free  ammonia.  If  two  bottlea 
tiiat  have  been  rinsed  out,  one,  t*,  with  the  acid,  and  the 

Wh.it  is  the  Hclion  oPlijJro«hloric  ncid  on  melallic  oxidep  7  "Whet 
is  llio  action  of  bydrochloria  nrid  on  peroxide  of  inercurr?  IViint 
are  the  properties  of  liqnid  hydrochloric  noidP  WliM 
riliusP    Wbat  ara  lliD  testa  for  it? 
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-ici.  oLhci',  A,  wltU  ammonia,  are  placed  month  to 
uioutli,  Fiff.  259,  ihey  are  filled  willi  a  white 
cloud  veiy  quickly.  Second,  with  nitrate  of 
Kilvei-  thia  auid  gives  a  curdy  wliite  preoipi- 
il  tate  of  ciiloride  of  silver,  which  is  soluble  in 
ammonia.  Hydrochloric  acid  gaa  is  distin- 
guisbeJ  from  chlorine  by  the  absence  of 
bleaching  power  and  its  acU  qualities,  litmus 
water  being  used  aa  the  t^at. 

Nitro-Hydhociilobio  Acid 
ia  also  called  uitro-iuuriatic  acid  and  aqua 
regia,  and  is  formed  hy  addiug  to  hydrochlo- 
"  ric  acid  one  third  of  its  volume  of  nitric  acid. 
It  possessca  the  power  of  diasolvlng  the  no- 
ble inctalsj  forming  clilorides,  a  property  due 
to  the  evolution  of  nascent  chloriue.  Nitrous 
acid  and  water  are  also  yet  free.  Heat  accel- 
erates tlio  autiau,  hut  may  cause  tho  Iobb  of  some  of  the 
ohloVine. 

Iodine.  /=120. 

Thia  element  was  discovered  in  1811,  and  is  named 
fi'oni  the  violet  color  of  its  vapor.  It  ia  made  from  kelp, 
■which  is  the  ash  produced  by  the  burning  of  sen-Tveed, 
btit  is-  also  found  in  some  saline  springs,  in  certain  Mex- 
ican silver  ores. 

It  rnny  be  obtained  by  lisiviating  kelp,  nnd  evapora- 
liug  till  no  more  crystals  are  produced.  The  tnother- 
liquor  ia  then  treated  with  Bulphnric  acid,  acid  snbse- 
qnently  heated  with  peroxide  of  mancfaneaB  in  a  leaden 
retort, <ihc.  Fig.  2B0, the  iodine  diBtiUing over inio  the 
receivers,  d. 

It  ia  a  solid  substance,  of  a  blaish-black  color,  Tvith  a 
metallic  Instre,  commimicatea  to  the  skin  a  fugitive  yel- 
low stain,  and  Bmella  like  a  sea-beaeli.  It  ia  very  vola- 
tile, producing  a  pale  vapor  at  C0°,  and  crystallizes  in 
rhombic  plates  and  oi;tahedra.  The  specific  gravity  is 
4.948.  Al  220"  it  melts,  and  boils  at  sao",  giving  off 
Tiolet  fumes.   The  specific  gravity  of  the  vapoi'  is  8.'706S. 

Dcscribo  the  experiment  Fiy.  351).  What  arc  ihu pi-eiisraiion  and 
propcrlics  of  nilro-miiriBtic  Bciil?  Fmm  what  BoUtcc  13  iodine  pro- 
cured?   WUat  la  Ihe  mcllicd  of  ilB  rrepwatioo?    Whnt  U  Iw  bj^ 

pearttuce? 
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It  is  009  of  the  heaviest  gaseous  bodies  known ;  100  cu- 
bic incliea  weigh  269.64  grains. 

Iodine  supports  combustion  lilte  chlorine.  JVg- 
A  jar,  a,  Fi/j.  281,  containinE;  a  few  crains 
of  it,  placed  iu  a,  small  snnJ-batli,  b,  and 
warraedl  by  a  epirit-lanip,  c,  may  be  easily 
lilted  witb  its  dense  vapov,  the  Atmosplievio 
a.ii'  ttonting  out  before  it.    A  liglitcd  candio 
plunged  Id  this  vapor  burns  slowly,  bnt  plios- 
pliorus  epontaneotisly  ignites.    In  the  saiHQ 
manner^  pliospbonis,  placed  with  a  few  grains  of  solid 
iodine  in  a  capsule  covered  by  ajar,  j7;^.2Ci 
Fig.  2^2,  takes  fire,  with  the  evolution 
of  phosphoric  acid,  yapor  of  iodise,  and 
iodide  of  phosphorus. 

Iodine  ia  but  sparingly  solublo  in  wa- 
ter, that  liquid  taking  up,  if  pure,  only 
XTRTUf  part  of  its  weight,  and  beeoming 
pale  brown.  It  decoiuposies  in  the  sun- 
phine,  iodic  and  hydriodio  acids  arising. 
If  the  water  coiitnin  iodide  of  potassinm,  chloride  of 
ammonianj,  nitrate  of  ammonia,  or  hydriodic  acid,  it  will 
disaolvo  iodine  freely.    Alcahol,  ether,  rhlnrnform,  and 

Wh.li  nra  ita  rcJationa  lU  re<ipecCa  combuetioD?  la  what  flaida  ia 
it  soluble  7 
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sulpliide  of  carton  niso  diesoK-e  "^""fJantl 
Inst  Hiiid  ia  vdiiabte  i.i  rest. arc be^S  ""^"^^ 
pcrniiH  llic  ".iark  rays  to  pass. 

ludinegives  voiy  charaeleriBlic  ^l^^^X  ^odideor 
potaesiuni  with  acetate  of  lead  V'i^'      >,  ■?  j  "^"^  rrecim" 
tate,  whicli,  OH  cooling  after  beii'^^     ,™'  ^^SBWnieg 
crystalliue  appearance  like  flakes    f  *  ?  "  R-;,! 
cliiontlc  of  mercury  a.  scarlet  tinio^**-,       P''0(]uced  Tf 
dried  niid  stitilimed  in  a  tube,  the  j-e'H*''!'  ^O'staie  xvbich 
form  possess  the  pi'0].eny  of  turning        ^"^n  loocLed 
With  a  solution  of  starch,  free  iodio*^'  'odide  Dcid* 

ificd  with  nitric  acid,  yieltSa  a  blue  co'orj  ihe  solution" i 
becoming  colorless  if  heat-id,  but  tfae  I'^^umiog   "  I 

cooling,  providing  the  temperature  l^^^  ""'^ '^^^t  cafTipH 
to  Iho  boiling  point.    If  a  potato  b«  ^'i*;  Iinet,„« 
of  iodine  poured  on  the  surfaoe,  mnvmerabk  bine  pu^p.^ 
make  their  appearance,  correspond! *°  ^''^  poeiijon 
of  graiiuJeB  of  stnrch. 

Iodine  is  most  -valtiea  fop  its  photog-rapWo  reJati 
The  iodide  of  silver  ia  one  of  t lie  most  Sensitive  com" 
pounds  at  present  known.    The  iodides  of  poiassia^" 
ommoniHini '•fi'^nii"'".  Ptc,  arc  mjjced  vith  colJofJio^  q,! 
albumen,  .ind,  a  film  of       rnixlure  1"^'"^^  ^pi-ead  ovei- 
glass,  is  fiubjcctcd  to  the  action  of  a  goliitioii  of  nitrate 
of  silver  in  tte  dark.    After  being  iniprPSS_Gd  hy 
light  received  through  a  camera  lene,  a  eohilion  of  prg. 
tosiilphate  of  iron  or  pyrogallic  acid  is  poured  upon  the 
plate.    The  f  artfl  acted  on  by  Ughi  immediately  receive 
a  dark  deposit  of  metallic  giUx'r.   The  superfluous  iodide 
of  silver  is  removed  by  a  solution  of  cyanide  of  potas- 
ir  hyposulphite  of  aoda.    In  the  daguerreotype 


Biuni  or 


the  film  of  iodide  is  formed  by  exposing  a  polislied  sit 
ver  plate  to  the  vapor  of  iodine. 


plate  to  the  vapor 

IIydeiodic  Acid. — 1/1=12';. 

This  jras  ni!iy_be  made  by  dissolving  in  a  solution  of 
iodide  of  potassium  as  much  iodine  as  it  will  i,q|j  ■ , 
ing  pieces  of  phospborua  .^ntl  distilling.  A  color/ 
fuming  fjas  h  sent  over.  Its  spe«ilio  gravity  is,  4  as'^f^ 
100  cubic  indies  iretgh  JSS.SB  j^-aius.  It  exting'uishei 
Uow  does  j[      "I'*"  "^okui^iTTT^^ 


WLnt  are  its  reoctionn  ? 
Wlini  is  it*  most  Taliinble  n-piilic, 
Wtmi  are  io  propertie-e  ? 
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flame  and  is  not  inflammable.  It  liqitcfiea  under  press- 
ure, and  becomes  a  ti'iitiiiiparpnt  colui-lejiS  solid  :it  —60°. 
A  eolution  of  liydvioclic  ntiil  in  water  may  he  made  by- 
passing sulplmreted  hydrogen  from  ;i  fl:tsk  tliroiigli  n'a- 
ter  ill  wliicli  lodtne  is  suspenJed.  Tlie  acid  furiiis,  aud 
sulphur  ia  deposited  ; 

Hjdriodlc  acid  has  tlio  general  relations  of  hydro- 
chloric! acid,  and  is,  like  il,  very  eoluble  in  water.  Witli 
nitrate  of  si^^er  it  gives  a  yellow  precipitate  of  iodide 
of  silver. 

With  oxygen,  iodine  forma  two  acids,  iodic  (/(?;) 
and  periodic  {lO-IW).  TliG  former  is  obtained  by- 
boiling  iodine  with  the  etronsrest  nitric  iicid.  With  ni- 
trogen it  gives  an  iodi(ic  {JVIff^),  which  is  prepared  by 
putting  powdered  iodine  in  a([un  iinimonin.  The  brown 
powder  which  forms  is  diingerously  explosive.  If 
placed  while  moist  on  paper,  it  will,  on  drying,  blow 
up  flies  that  may  walk  npoii  it.  Chlorine  forma  two 
instable  coniponods — ICl,  a  Ii<itiid;  and  /CTg,  a  solid. 
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Bkosiihe,  Br—1Q, 
ocem-3  in  ssa-wster,  and  also  in  eertaiii  brinc-s firings, 
Ijoth  in  America  and  Europe.  It  ia  found,  among  min- 
erals, asaociated  with  silver.  Troni  its  solutions  it  niiiy 
be  obtained  by  evaporating  the  -water  until  the  chloi  ide 
of  Bodhim  has  crystallized  out,  and  passing  a  current 

How  may  a  solution  of  it  be  rantln  ?  What  am  the  oxygen  com- 
ponnda  of  ifwline?  Whnt  nre  ilie  pmperiies  of  iodide  of  niirog-en  ? 
From  what  source  ii  hromina  obuiiaed  ?    DftSuribe  tha  method  ptir^ 

SICDd. 
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2i}0  BBOMINE. 

of  cliloinno  gag  tiir6ii>;)i  it.  T!ie  solution  turns  j-cllow, 
nmi  oil  IjL'ijiir  iigit!ii.eil  wilti  eiher  tlie  bi'oniiiie  Is  dis- 
solved out.  Tlie  elber  is  agilnted  -with  potassn,  l.iroinalc 
of  potusaa  sind  Itroiii'ide  of  potaasiuni  foi'iniug'.  On  igni- 
tion, oxygen  ia  expellad,  and  llic  whole  converted  into 
ibc  latler  salt,  irom  which  llie  bromine  may  be  distilled 
by  tlic  aid  of  peroxide  of  inangaueso  and  Bul^jliiiiic 
acid. 

It  is  a  liquid  of  n  deep  reddish-hrown  color,  a  disa- 
greeable odor,  wjiejjco  ita  nniue,  solidifj^g  at  — i°.e, 
and  hoilins;  at  345".  Its  speciJif.  gravity  ia  alioiit  3,,  that 
of  the  vapor  5.30;  100  cubic  inches  weigh  1C6.92  grains. 
If  broatlied  it  produces  the  eftcct  of  ;i  severe  cold,  wldcli 
may  last  for  days.  It  bleaches  like  chlorine  if  aqueous 
vairor  be  present,  but  not  if  dry,  whence  it  is  supposed 
that  tilt'  bloacbint;  is  produced  by  iiastent  oxygen  de- 
livcd  from  the  docomposod  Avator.  It  estinguishes 
llanio,  and  combines,  with  exjilosion,  ivith  potassium 
and  phosplioniH ;  aiuimouy  burns  in  it.  In  ita  general 
relations  it  resembles  chlorine. 

With  oxygen  it  forms  n  compound,  bromio  ncld, 
-BrOi^;  and  with  hydroccn,  liydi-oin-omic  iiciO,i/B?'. 
The  hitter  ia  prepared  by  heating  a  mixture  of  phosjdio- 
rus,  bromine,  and  bromide  of  potassiunt  ivitli  water. 
At  —100°  it  is  a  clear  colorless  liquid,  and  becomes  solid 
at  —124°;  100  cubic  ineliea  of  the  giis  iveigli  84,53 
grains. 

The  bromide  of  silver  isnsed  as  a  pliotographic  agent, 
in  combination  with  the  iodide. 

ib!  found  nbuiidantly  in  nature,  in  eombin^tion  with  cal- 
ciinii,  as  tluor  spar.  It  occurs  also  in  the  lopa^,  in  some 
Idtids  of  mica,  in  sedimentary  rocks,  hi  loeth,  and  fossil 
bones  I  these  last  Bomctimes  Contain  10  per  cent,  of  flu- 
oride of  calcium.  Cryolite,  foimd  in  (Irccnland,  is  n 
fiiioride  of  nhmiintim  and  soiiinm.  Thionne  has  not 
vith  cortninty  been  isolated,  though  it  is  stated  to  be  a 
yellnwi.sh-brown  gaa.  It  attacks  j;lasfl  and  plntiiniin; 
and  tliongh  vessels  of  liuor  spar  liave  been  substitatod 

Whut  nro  llio  jiTtijiertii's  of  bmnnno  ?  WIml  otiier  clement  iluen 
it  rupicmhlp?  Desi'i-itv.'  lij-ilrntironiic  acid.  For  whut  is  liroiiiide  of 
silror  used?    In  wU.it  (vvma.  does  lliioriim  occur? 
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for  ihoee,  yet  tho  liody  obtniiiecl  sceiua  ojily  to  have 
beeu  a  iiiixliire  of  chlorine  aiiJ  liytjrolliiai"io  add. 

It  possesses  an  intense  affinity  tor  cletitio-positive 
bodies,  and  glvea  rise  to  a  seiies  of  eoiujioimds  resem- 
bling those  of  chloriue,  iaiUtie,  and  hvoiuine.  It  docs 
iiot.  unite  with  oxygen  ov  carbon. 

IlYDiiorLuoiiic  Acid,  III'— 20, 
13  niai3ei  by  dGcomposing  fluoride  oi  cnlcium  "by  Bulpliu- 
ric  n.cid  in  .i  vessel  of  plalionm  or  lead^  Llie  vniiors  being 
conducted  into  a  receiver  kept  Jit  a  loiv  tetnporalure. 
The  action  is 

CaF-\-HO^  SO^^Ca  0,  SOjfllF. 
It  is  !i  clear  liquid,  fntning  in  Iho  siir,  boiling  at  68°,  ntid 
Ii.TviDg  a  speeiKo  gravity  oi'l.OC,    Its  altraetion  for  wa- 
ter exceeds  tljnt  of  oil  of  vitriol,  and  it  produces  a  uia- 
lij^nant  iileornlion  of  the  skin. 

If  a  jiieco  of  glass  be  coated  over  with  a  thin  film  of 
beeewax,  and  Ictlcva  or  other  marks  made  through  the 

1.  v.ix  to  the  glass  with  a  pointed  tool,  on  petting  it  over 
a  tin  vessel  in  which,  from  a.  mixture  of'fluor  spar  and 
Knipbnric  acid,  hydroilnoric  acid  v.ipor  is  escaping,  the 
glass  ia  corroded  aivay,  or  etche'd  in  the  iniCOVertd 
parts.  The  liquid  acid  may  also  be  enipEoyed,  but  the 
lottera  arc  then  not  bo  visible. 

Carbos.  C=6. 

Tlie  carbon  group  of  met.illoids  comprises  three  bod- 
ies—carbon, boron,  and  sihcon.  Tbey  are  remarkable 
for  being,  in  the  crystalline  slate,  very  hard  ;  in  the 
amorphons  state,  insolnble  and  eon-volalilo.  Carbon  is 
the  principal  constituent  of  the  organic,  and  silicon  of 
the  inorganic  kingdom. 

Carbon  occurs  under  many  different  allotropic  condi- 
tion.i.    1.  Diamond,  which  crystallines  iu  oclahedrons, 

transparent,  incombustible  except  iu  oxygen  gas,  and 
the  hardest  body  known ;  lienM  its  use  in  culling  glass. 

2.  Gas  carbon,  which,  unlike  diamond,  is  a  good  coii- 
ductor  of  electricity,  and  ia  opaque,    a.  The  various 

Ai'c  ils  pmiierlius  known?  Hoiv  is  hydrnflnoric  tirid  niadeT 
Wljiit  rptnnrkablo  qtialiry  dnea  it  jiosec^s?  IVhnt  is  ihe  cfli'hon 
nvoup,  nml  whiiE  .ii'c  iis  pWulinriticB 't    Slate  tlia  nllotropic  modlf- 

cnlions  of  cmlxin. 
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gravity  is  3.5.  It  exhibits  a  bigh  refrnctivo  nntl  dis- 
persive action  upon  light.  The  largest  cli;imond  known 
was  the  Kob-i-Noor,  which  wGiglied  flOO  carn.ta  wiicii 
found  ;  in  1852  it  was  cut  into  a  brilliant  of  162  J  carats. 
The  Pitt  diamond,  one  of  llie  crown  jewels  of  Franco, 
is  pro1>abIy  the  finest  in  the  worlJ.  lis  estimated  viihie 
ifi  $2,400,000;  tho  Koh-L-N^oor  is  valued  :it  $3,000,000. 
Diamonds  Lftvc  been  found  iu  North  Curoiina. 

Charcoal  possesses,  in  consequence  of  its  porous  struc- 
ture, the  quality  of  absorbing  many  limes  its  own  -vol- 
nnie  of  different  gases.  One  cubic  incii  of  newly-made 
charcoal  will  take  up  of 


jVmtfioiiift  90 

Olefiant  Gns  3B. 

Oxygen. 

Oxide   !l.42 

  0.25 

Kuljiliiireleii  Hydrogen..  Qii 
I'l-oloxide  of  fJilrogeii...  40 

Liglit  cnrbiirelcd  Ily-drogen  5. 

The  tenaperatnre  of  the  charcoal  rises  aa  the  gna  is  con- 
densGd.  Freshly-biirncd  charcoal,  pnt  in  a  mixture  of 
oxygen  and  nulphnreted  hydrogen,  will  cause  a  violent 
explosion.  Jt,  also  poasesses  the  power  of  removing 
foul  efflnvia.  Ivory  blaok  or  animal  charcoal,  wlii&li  \b 
made  by  the  Ignition  of  bones  in  close  vessels,  lias  tho 
v.iluaWe  quality  of  removing  organic  coloring  matters, 
fls  is  shown  by  filtering  3  Bohilion  of  indigo  or  brown 
SH^nr  tliroii^h  it. 

In  all  its.  lorms  carbon  is  infusible,  but  when  bnmt  in 
air  or  oxygen  they  all  give  rise  to  carbonic  acid.  It 
cambinea  with  several  ol' the  metals  to  form  carburets, 
those  of  iron  being  best  known.  With  oxygen  it  gjvea 
several  compounds : 
I  CO,  CiLrbaii[c  Oxide. 

t^^^^^  C0„  Carlmnic  Acid, 

■^^^  C,0^5II0,  Oxalic 

^^^^^  C:0„  3H0,  lihodizoiiic 

■■HP  C[0^,7!0,  Crcicnnic 

r  CtO„IIO,  Melliiic  " 

CjOj  ryromcllitic  " 

Of  these,  the  first  two  are  of  most  interest,  and  will 
alone  be  described  here. 

VVhai  flra  (ho  jiropcrticfl  of  ilinmimil?  Gire  tlic  nbsurbiiig  power 
of  charcoal  far  varioua  cases,  WhftSqniilitj  Ima  ivory  black?  Wkiii. 
aro  die  oxygen  CDUipDiitids  of  CEirbon? 


Cahbonjc  Oxide,  C0=H, 
is  produced  when  carljnn  is  ljurned  in  a  limited  supply 
ofoxygL'ii,  or  when  carbonic  aeid  ia  passed  ovei'  ti:d-l]Jt 
iron  or  over  red-Iiot  cnrton.    lu  lliese  cases  thu  actioiiu 
arc  C0^+C^2WO), 

CO.+Fe=CO+FeO. 
In  the  first,  cai-bonic  acid  unites  with  one  ^tQm  of  CSS- 
bon  and  yields  tivo  of  carbonic  oxide ;  in  the  second,  it 
1V3.  s«a,  loses  otie  atom  of  oxygen  to  the 

iron  pud  yiel4s  one  of  carbonic  os- 
ido.  It  may  also  bo  prG|iarcd  by 
l)catiiig  oxalic  add  with  oil  of  vit- 
riol ill  a  flask,  a,  J^iff.  205,  the  de- 
composition giving  cqnal  vohimes 
of  c.irbonic  acid  and  tarhonie  ok- 
iU^',  Tliy  cvokiiiuii  is  caused  by  the  abstraction  of  ■wa- 
ter from  the  osalic  noid  by  the  sulpluiric  acid. 

+  C>9. 

Tho  acid  inny  be  Ecpnrated  by  passing  llic  mistuve 
through  ,1  botUe,  b,  containing  polassa- water,  and  the 
oxide  collected  over  ■water;  but  the  best  process  is  lo 
hpiit  One  part  of  prussiato  of  potrtssa  with  letl  of  oil  of 
vitriol  in  a  retort:  the  carbonic  oxide  comes  over  iu  a 
state  of  piirily. 

FF>.!Gfl.  As  obtained  by  any  of  these  pro- 

cesses it  is  .1  colorless  gas,  ■wliich  may 
bG  tept  over  water,  in  which  iL  is 
only  soluble  to  tlio  extent  of  0  per 
cent.  It  is  ■witbont  odor,  and  ia  n 
narcotic  poison.  A  jet  of  iuJ^'iff.  2GC, 
burns  iu  the  air  ■with  a  blue  flnni'p, 
yielding  carbonic  acid.  Its  PpccitiQ 
gravity  is  0.674;  100  enbic  inches 
weigh  29,96  grains.  It  lins  never 
been  liqiiefied.  The  conibuslioii  of  this  gas  producoa 
the  blue  flarne  seen  on  fi  cortl  fire.  It  is  evolved  by  veg- 
etahlcf,  more  particularly  by  aqualio  ptsnls.  Carboniy 
oxide  is  a  compound  radical,  giving  origin  to  a  series  of 
bodies. 

Wticn  is  cailioiiiu  osiJc  jmnluL-cd  ?  U  nw  lio  pmpared  rrom 
oxalic  nciiiif  From  what  oihcr  eubsuinca  mnj  it  bomado?  Whnt 
nrn  its  iiropcrtics? 
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Ctloro-cai-boiiic  acid  or  ptosgeiie  gas  (CO,  C'l)  ia 
formed,  under  the  intiiieuce  of  ligtil,  from  equal  volumes 
at"  chlorine  and  ciii'bonic  -oxidG,  II  is  an  acid  body  of  a 
pungent  odor,  and  13  decomposed  by  water.  Ic  ia  re- 
yarded  as  carbonic  ncid,  in  which  ono  atota  of  oxygen 
ia  I'eplifced  by  one  oi'  chlorine. 


LECTURE  LV. 

Cahbonhj  AfiD.  —  Prepared  by  Decompmition.  —  iffl- 
mclls  from  Cam  bus  lion. — Properties. — Demity. — ^e- 
lidioiis  to  Combustion  and  ItesfiiTation. — SolubiUtij 
i».Water. — J'roilitced  hi  AnimoU. — Liquid  (tjid  Sol- 
itl  Cwbonii;  Acid. — Lif/ht  CAiiiiUTiETED  HrnROGEw. 
— Fire-damp. — Marsh  Gas. — Artijieial  Production. 
—  Goal  Gas. 

Or-iEnA^jT  Gas. — P]'eparatio7i.  — i^'ojjefifVfl. — Action 
icitfi  Cfilorine. 

CiEBoyic  Acid.  €0^—22. 
Cabeonic  Acid  is  coiutnonly  pre[is,red  by  the  action 
of  dilute  hydrochloric  acid  011  chalk,  or  auy  carbonate 
of  lime,  tbu  notion  bciiic 

that  is,  one  aloiii  of  cnvboimto  of  lime  and 
one  of  liydvochloric  ncid  yiold  one  atom  of 
tiliJoride  of  caleiiini  and  one  of  wntcr,  mid 
one  atom  of  enrbonic  acid  gas  is  set  free. 
The  pi'oc<;as  may  bo  coud  noted  In  a  flask, 
na  in  Fiff.  267,  the  gna  being  evolved  so 
rapidly  that  it  nmy  be  eollceted  OTcr  wa- 
ter, thoiJi;li  that  liquid  absorbs  its  own  vol- 
nnie  at  the  ordinary  prcssnre. 

Carbonia  ncid  ia  iihundantly  fovmcd  in  many  pro- 
cesses. It  ifi  the  result  of  the  coniplgte  combustion-of 
carbonaceons  bodies;  is  evolved  during  the  respiration 
of  luiimals  and  in  alcoholic  fermentation.  It  was  called 
^fixed  air  by  the  old  chemists,  becauso  a  constituent  of 
limestone. 

Wbiit  urc  tlicpropenies  uf  i^hlurti-cnrboaie  nddF  How  is  cdrhrni- 
k  AcitI  raadci'  From  wliiit  niitiir.il  processes  does  it  Hiise?  AVliv 
was  it  called  fixed  nii'F 


It  w  ft  wtyrk'ss  and  Irsiispareiit  gas  at  common  tem- 
pviitlili'i'*,  ^vitli  11  t'/eliit  :wd  sli:ilitlv  ncid  tnstp.  It 

u  U'l'u.iitimblv.  a(.'ts  in  u  t^iluteJ  st^itc  »s  n  uni  cotW 
jininyii;  cVL'U  ;iir,  wiiliiuint;  oito  tenth  of  its  Toluine, 
^ii'lilIucvh  :i  iiiiu'kuil  vtlcol :  tii<!  :itmos^Lere  coutaiits  one 
[jitit  ill  *;oui'.  IlH  s[>ccili(!  gravity  is  1.527  ;  100  cubic 
tiu'lms  nni^h  17.087  j^ratiis;  it  may  tbersfore  te  col- 
k't'lvil  hy  c.linj>liiufnn;iu.  For  llic  same  reason,  it  col- 
Lulu  ill  ibu  biUtuiu  ul' M-ells  au<I  fiis,  and  ofteu  sufib- 
uuLi.!*  u'ui'kiuoii  \\\\<j  iIdsoouiI  into  siioh  places.  It  docs 
uol  Nup^Kii'l  i;oiiil>ui*lion ;  a  liglitcJ  taper  lowered  uilo 
n  Jul'  |FiiL'll,v  liilvd  with  it  is  »t  vcice  extin^ished.  It 
lunv  puurc'd  tVum  oim  vvssel  to  anotlier;  and  if  ajar 
nl'  it  bi'  ^uurvd  un  It  ctiiiJLi;,  tbe  liplit  la  at  once  pnt  out. 
llrt  tliumiy  ami  t»lher  qiialiti*3  may  be  well  illiisirated 
ulioii  it  IS  t<>i-iiioi.l  by  lliu  action  of  fuming  nitric  add  on 
t<tti'ljiiii:Llu  of  ninitioiiia,  it  smoky  cloud  ranrkiog  its  poKi- 
liu»  niid  iiioveiiii;i<t.'^.  The  dolto  del  Cane  owes  its 
juiculiiu'ily  of  a»ijliy.\i;Uiiig  dogato  the  acoamulation  of 
lliin  t;<w  ill  its  baHju-.slijiptd  floor. 

Oiii  buuit  aoid  njiUti^ns  litiuua  water,  bat  the  line  col- 
or in  restored  by  bojiiug,  the  acid  being  /^.a<a. 
Orivcii  oil'  l)y  ibe  hmil.  It  is  sohiblo  in 
V  liter,  wliit'ii,  iiiidtrr  pressure,  takes  up 
tlv'V  or  NLX  tiitiUH  ]l»  vulLinie,  constituting 
Kj.  ts*.  '^"^  *"da-WStcr  «f  coHimerce.  The 
ctttw yewiiee  ol'C'haiiipagiia  is  due 
to  its  cacnpCv  ami  Diitiuvil  waters 
iisurtlly  vcnt.iiu  tm.'rc  or  Ivss  of  il- 
Thy  wilutiility  may  be  sbowii  by 
iigilaliiig  it  witfj  water  in  Hope's 

VudiiHIH'ter,  2es,  or  l.y  p,HSS- 

inil  it  through  NooUi's  soila-ivater 
machine,  T-";/,  200. 
.\  cointiioii  test  tK>v  the  picsetice  of  car- 
bonio  neid  in  wells  ts  to  lower  a  lighted  candle,  and  if 
its  tliuiie  bo  e.\tin^«islted  it  is  inten-cd  that  tbu  gas  is 
present;  bill  it  fl"cs  not  follow  that  a  man  may  safely 
dcDoenil  into  siifit  places  though  ii  candle  may  conliniio 
im:  tlie  all-  may  even  tfieu  eoiitain  tvvciily  per  eont. 


•^|iert!i's  or  fnrU'lliu  ncM  ?    WliHt  Are  ila  rclii- 
Wli.ii  resulis  from  ii»  urenl  spvvifit"  trn'"il>"? 
isnlcaLfiir  ilibpis? 
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If  through  a  tube  t'he  breath  be  mado  to  pnss  into 
limo-water,  a  deposit  of  carbonate  of  lime  renders  ihe 
water  luilky;  or  if  the  breath  be  conducted  through  lit- 
mus wfiter,  the  color  change's  to  red ;  the  air  thus  ex- 
pired from,  the  lungs  contains  three  or  four  per  cent,  of 
carbonic  acid.  A  innti  tlirowa  out  about  eight  ounces 
of  carbon  as  carbonic  acid  evei'y  day. 

Under  a  pressure  of  thirty -sis  atmospheres,  or  by  be- 
ing; cooled  to  — lOG",  carbonic  acid  coudenses  into  a  liq- 
uid four  times  more  e.Kpansihle  by  heat  than  atmospheric 
air.  Thilorier's  condensation  apparatus  13  shown  in 
li^ff.  270.    it  coiisiyts  of  two  iron  cjIimlerB — A,  cm- 


ployed  ns  a  retort  to  genBra,te  the  gas;  B,  as  &  receiver. 
A  is  charged  with  a  Tnisture  of  carbonate  of  soda  and 
water ;  a  hraas  tube,  C,  containing  oil  of  vitriol,  ia  intro- 
duced into  it,  and  the  Lead  ia  screwed  on,  A  is  then 
inverted,  and  cnibonic  ncid  is  generated  under  great 
pressure.  A  tube,  E,  is  next  made  to  connect  A  and  B, 
the  latter  vessel  being  immersed  in  ice.  The  hqu^ed 
pas  disLills  over  into  B.  A  tube,  5,  descends  nenrly  to 
ihe  batloni  of  B,  find  torminatea  nborc  in  a  fine  nozule, 

How  can  its  existpnco  in  ihc  lireatli  be  proved  ?  How  may  it  bo 
liquefied?   Describe  the  nppRrBta?. 

N  2 
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e.  As  Booii  !Ls  llio  stopcock  at  the  top  of  E  ia  opened 
iho  liquid  carhoiiic  acid  is  forced  out  iit  e  hy  tha  jji-eBs- 
ure  of  its  Viipor,  it  evapoi'iites  rajdilly,  aud,  in  s.o  doing, 
produces  great  cold.  A  portion  of  Lhe  gas  is  solidified, 
and  if  the  jet  open  into  a  box,  D,  the  solidified  acid  no]- 
lecta  as  a  tlocculent,  hciowy-whitie  deposit.  Mixed  with 
Ciller,  it  prodiicea  a  leruperatHre  of  —166°. 

Carbonic  acid  iiaa  acid  properties  in  buc  n  feotle  de- 
gree. It  contains  its  own  volume  of  oxygeu,  and  lientc 
its  density,  the  wcig'lit  of  carbon  added  not  alteting  Ibu 
vuhiraa  of  tha  oxygun  in  which  it  is  barned.  The  com- 
mon teat  for  its  presence  is  lime-water,  ivliich  deposits 
carbonate  of  lime,  a  while  powder.  It  is  entirely  ah- 
eorbod  by  potassa ;  and  hy  taking  .idvantago  of  this  fact 
the  most  jjerfect  vacuum  may  he  ibrmed, 

Cabbon  and  Htdbogen, 

These  substances  unite,  producing  mniiy  compounds, 
soma  of  winch  are  solid,  sotiio  liquid,  and  others  gase- 
otta.  They  are  ofcOnrsc  all  eombilstible  bodies,  but  the 
desci'lptioii  of  most -of  theiu  belouga  to  orgauic  cLeraia- 
try. 

LiOht  CaBBCKETEI*  HYDROGEIf,  €3^=8, 

o-ccurs  abundantly  in  coal  mines,  and  forms  with  air  gk- 
plosive  inixUirea  ;  it  is  also  formed  during  the  putre- 
faction of  vegetable  matter  under  water;  on  stnTing 
tha  mud  of  ponds  bnbhlcs  of  this  gas  escape — hence  the 
name  marsli  gas.  It  ia  also  ejected  from  petroleum 
boriug^s,  and  aei'ves  to  heat  the  euginc-boilerB,  The 
I'illagG  of  Fredonia  lias  been  lighted  tbv  many  years  by 
a  well  discharging  carbureted  hydrogen.  It  mny  ho 
obtained  artificially  by  heating  acetate  of  potassa  with 
liydratG  of  baryta.  It  ia  a  colorless  gas,  burns  Avith  a 
yellow  flame,  producing  carbonic  .acid  nnil  walcr,  and 
is,  when  pure,  fatal  if  respired.  Its  specific  gravity  is 
.5528;  100  cubic  inches  weigh  17.12  grains.  It  ia  the 
ttre-danip  of  coal  mines;  cholie-tliirap,  wliioh  comes  after 
ilsTsxplosion,  being  carbonic  Mcid,    The  gas  is  docora- 

riow  is  snliilcnrhonic  neid  fin'meni  ?  Wluit  is  tlic  test  for  carbcitjiL' 

n^id  ?  Wlifit  is  lhe  immroon  proppi-ty  (iF  llio  compoiiilds  v(  rarboii 
nnJ  hj-Jroiicn  ?  Wliere  la  c-nrbiii'elcil  liyilriiRtii  nniiirHlly  formed? 
\V!inc  nre  iw  jiroperties?    What  Drc  fire-Jiimp  nnd  eliok(!-iJmn]i  ? 
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poseil  explosively  by  cbloriiie  in  the  light,  but  ja  not 
iiuteJ  on  iu  llia  dark. 

Coal  gas  contains  tliia  gas  principaUy,  associjited  wilh 
coke,  tar,  ivnter,  cai'buDio  oxule,  carbonic  aoitl,  ok'Jiaiit 
gas,  suiptiurtted  liyilTOgeii,  lijLlrogeii,  amraouia,  aud  ni- 
trogen, Gii&  IS  purified  by  wasluiig  with  w.aier,  cou- 
tlensation  by  cold  wiiEci',  and  by  byjrate  of  lime.  Its 
epecifiti  gravity  ia  about  .65,  tbougb,  it'tlio  coal  bs  dis- 
tilled at  a  liii!;Iiei'  teiiiperatiu'e,  it  niay  only  bo  .345^  ow- 
ing to  tlio  decomposition  of  olefiiiiit  gas.  Tlie  same 
vohiras  bns  tlieii  muth  lesa  illumiiiatiiiij  ijowei'.  In 
London  5,000,000,000  cubic  fuct  ai'c  used,  in  a  year,  pi-o- 
diicing  as  ranch  light  as  10,000,000,000  of  tallow  cnn- 
dlcs. 

Olepi.vst  Gas,  C.^U^^H, 

may  bo  mado  by  healing  one  part  of  alcohol  wilb  fmiv 
of  siilplmriw  acitl  in  n  flask,  ((,  Fr'ff.  pig,  sxi, 

271.  Tbo  V!i|jor  of  ether  which 
comes  over  with  it  may  he  removed 
by  causing  the  gag  to  pass  through 
a  small  bottlf?,  6,  contniniiig  aidphn- 
ric  acid,  before  being  collected  at 
the  trongh. 

Olefiaiit  gas  is  transparent  and  colorless,  burns  witli  a 
beautiful  llanie,  forma  au  explosive  inLxlure  ivltli  oxy- 
gen, giving  rise  by  its  combustion  to  carbonic  ncld  and 
Tvatev.  Its  specific  gravity  is  .0C74;  100  cidiic  inches 
Tveigli  29.9ft  grains.  If  mixed  ivitii  an  equal  volamo  of 
chlorine  an  oily  liquid  condenses,  from  wliicli  olefiant 
gaa  receives  its  name.  This  is  the  chloride  of  olcfiiint 
gas,  or  Dntch  liquid,  ivhicli  will  he  described  nndev  Or- 
ganic Chemistry.  With  twice  its  volnme  of  clilorine,  if 
it  be  set  on  fire,  iiydrochloi-ie  acid  is  formed,  aud  earbon 
deposited  as  a  den^o  black  Bnioke, 

Wlint  ia  tlie  compoailion  of  conl  gna?  Hon-  ia  olcHtint  pas  prq- 
pcired  '!  VTfmt  are  iis  propertiea?  From  what  doca  U  deriTO  its 
name? 


am 
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LECTITRE  LTI. 

Ctanooen. — PrepciTation. — lAqyef action. — EieC' 
tTO-ncgailve,  Vompouwl  Sadical.  —  Bisulphide  of 
C'arbun.—Jlefractive  and  Disjm'sive  PowerD. 

Boitof). — Preparatifjii.  — Boron  J>iamontl3.  — Jjoracie 
Acid- — Nitride  of. — Fluoride  of. 

Silicon. —  Tliree  AUotvopie  States. — Silidc  Acid. — FIu^ 
osUicic  Acid.  —  Coitipounds  of  Nitrogm  and  Jlydro- 
gen.^Amidogen. — Ammonia. — Ammonium. — The- 
ory  of  Batdius. 

CyMTOGEs-,  iJy^  OB  ErcAEBCEEn-  op  NrrEOGKW. 

Carbon  unites  witli  nitrogen,  forming  a  liicai-bm-ct 
when  tbese  sutstfiuces  are  in  the  nascent  state,  and  in 
presence  of  a  base.  It  may  be  0-blained  by  cs]]osing 
iJie  cyanide  ol'  iiierenry  to  lieat,  or  by  beating  a  mixture 
ol'  six  pnrts  of  ferrocyanidB  of  potassium  and  uiite  of 
eoiTosive  subliuiate. 

It  is  a  colorless  gas,  having  a  peculiar  odor.    It  tnrns 
with  a  beautiful  purple  flatiiG,  tliKSoh-esto  tho  extent  of 
4i  vohuiies  ill  water  and  23  voliimca  in  nlcoliol,  con- 
dejiSGs  into  a  liquid  by  a  pressure  of  3.6  atmospheres 
Pia.  ara  '"^^      shown  by  Ileal  in^  with 

a  lamp  cyanide  of  mercury  in  a  ln'iit  tube, 
Fig.  272;  the  lube  being  closed  nt  both 
^r"^  ends,  cyano<ren  aecnmulates  in  the  cool 

cxLi'oitiity.  Tlio;ig;h  a  componnd  body,  it 
Xwi  all  the  properties  and  charautcra  of  a 
powerful  electro-negative  elojutnt,  Ita 
specific  gravity  is.  1.706;  100  cubi3  iimhes  weigh  55.04 
grains.  Below  —30°  it  is  a  transpnrent  Bolid.  A  fur- 
ther deaeription  of  it  and  its  conipouiids  will  be  given 
under  Organic  Cli<;iiiisti'y, 

BiauLPiiiDB  OF  Cabbon-,  CiS^^SS, 
maybe  madoby  passing  the  vapor  of  sulphur  over  char- 
coal iciiiled  in  a  Inbe,  and  receivni;r  ihe  pi'oditct  in  a 

Iltiw  is  i-viiinigcii  miirle  ?    \\'hnt  nri;  ii*  propej-iiijs  ?     Unw  mni-  il 
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cold  liottle.   The  apparatus  is  seen  in  Mg.  273.  luto 

Fig.  313. 


tlio  top  of  a.  large  bottle  two  tubes,  h  one  sliaight  and 
the  other  bent,  arc  iuaerted.  The  hoUle  haviuij  been 
filled  with  charcoal,  pieces  of  sulphur  ara  dropped  in 
through  the  tube  b  aa  soon  as  the  bottle  ia  red-hot. 
The  sulphur  and  cai-bon  uuite.  TiiC  product  passes 
along  the  tubija  cf,  cooled  by  a  stream  of  water  from 
the  cock  (7,  the  water  being  conducted  by  a  string,  A, 
iuto  .1  b.mii],  X.  The  vapor  passes  into  the  bottle 
which  ia  partly  filled  with  ice,  and  tlie  iiioondcnsiblG 
gas-ea  pass  out  through  m.  It  is  a  transparent  liijuid, 
Bpecitic  gravity  1.372,  of  a  very  tlisagrccablc  odor;  has 
tlio  quality  of  diasolviuy  Bulphur  and  phosphorus,  boils 
at  100°,  and  does  not  freeze  at  —60°.  It  ia  very  volii- 
tile,  and  produces  an  intense  cold  during  evaporation  in 
vacuo,  —80'^  bein^  iGached.  Its  principal  point  of  in- 
terest is  the  powerful  refractive  and  dispersive  power  it 
exerts  upon  light,  a  property  which  renders  it  especially 
Bnitablc  for  making  prisma  to  be  used  in  spectroscopes. 
It  is  also  used  an  a  solvent  of  sulphur  and  caoutchouc, 
ill  the  making  of  vulcaniKed  India-rubber. 

BOKOS,  Ii=\l, 
is  foand  only  in  combination  with  oxygen  as  boracic 
acid,  from  which  it  may  be  set  free  by  henling  to  300° 
with  twice  its  weight  of  potassium  or  sodium.  It  may 
be  obtained  in  the  ccystnlline  state  by  heating  to  a  hipli 
What  ia  its  most  valuable  ptopeffy?  T'rotn  wlintiaWof^iw-seA-l 
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degree  8  parts  of  aluminum  ivilli  10  parts  of  anliy^^rous 
toradc  aaJ,  and  tvealiiig  the  [irutliitt  with  caiisiio  eodn, 
liyd louliloric  aoiJ,  and  iiilro-li_vdroiluoric  add,  Tlicse 
crystals  may  jiresent  tlie  linlliancy  of  tlie  diamoiidj  juid 
are  so  liard  ihta  tliey  will  stiratcli  ita  surtace.  Tlie  spe- 
cific gravity  is  2.G8.  Tlioy  ouly  take  lire  Tindei-  tbe 
Bame  circmnslaiicea  as  diamond.  Tbe  amorjilioaa  T.iri- 
cty  is  olive-colored,  and  burns  at  600°  in  tlie  air  into 
boraeic  acid.  It  combines  willi  uitrogeii,  chlorine,  bro- 
mine, and  £uorlue. 

BoKACic  Acid,  _B03=35, 
esista  in  tba  volcanic  spring's  of  Tuscany,  and,  oombined 
with  Eodajlitnc,  or  magnesia,  is  brought  froui  India,  Nor- 
way, Sweden,  and  South  Aiiieriea.  It  may  be  artitieial- 
ly  prepared  by  dissolving  one  part  of  borax  in  four  of 
hot  water,  and  fsddiiig  hali'a  part  of  sidplniric  acid.  On 
cooling,  the  boracie  acid  is  deposited  in  s^mall  crystalline 
BCiilcs,  wiiicl]  maybe  purified  liy  vecryBlalliKation.  They 
liavo  a  3o.apy  feel,  mul  are  eolabte  in  12  parts  of  boihng 
or  50  parts  of  cold  M'.ucr. 

Boracic  acid  melts  at.  a  red  heat  into  a  transparent 
glass,  wbicb,  mmbined  with  oxide  of  lead  or  bismiilii, 
bas  high  refractive  powers.  Its  crystals,  raised  to  212°, 
loso  half  of  their  water.  It  volatilizes  readily  when 
boiled  iit  water,  find  is  Goluhle  in  alcohol,  the  solution 
burning  with  a  green  Hame.  Tho  ' 
experiment  may  be  made  in  a  glas.^ 
instnimont,  n  5,  Ftff.  2  74,  heated 
by  ;i  spirit-lamp,  c.  It  is  a  very 
Ibcble  acid,  and  even  turna  yellow 
lui-rneric  browti  like  an  alkali.  At 
a  red  boat  it  doeoniposea  the  sul- 
phates and  phospba.tc5.  It  is  em- 
ployed ns  a  flns  for  iiorcclain  colors. 

Nitride  of  Boron,  Jf^T=?5, 
is  obtained  by  healing  to  redness  two  parts  of  sal  ammo- 
iLiao  and  one  of  boras.    It  is  an  amorphous  po\i-der, 
wilboat  taste  or  fimell.    Wiicn  calcined  with  carbonate 

Wliat  nro  llie  iwrulinrilie*  of  ils  rryslnls  ?  How  is  Imrinrip  ndd 
prpiinvctl?  Wlini  an;  iia  propcnies?  Whnt  coloi'  (ln:'s  Lt  ^ivb  lo 
flnmc?    How  is  nilrWe  of  Won  laaJe? 


SILICON. 


of  potassa,  it  decomposGB  the  carbonic  acid  and  forms 
tiyiinogcii.  Heated  with  steam,  it  pi-oducea  boraaic  acid 
aud  ammoma. 

Tdbfluokidh  op  EonoN.  TLuoiiO^ic  Acid,  i?J^T^e8, 
is  formed  when  a  mixture  of  iliior  spar,  boraciu  acid,  and 
oil  of  vitriol  is  heated  in  a  fla&k.  Tlic  gas  i^  of  a  auSo- 
cating  odor,  reddens  litmus,  extingiiishea  ti.ime,  is  lih- 
Bolvcd  by  wator  to  the  extent  of  700  volumes,  and  forms 
dense  white  I'mnea  ivilh  aqueous  vapor.  Jl  uikes  ivstci.- 
from  orgauic  siibstancus,  charring  tliem,  aud  cau  decom- 
pose water. 

Silicon,  5i— 22, 
may  bo  prepared  by  igniting  llio  ^Vrj.iia. 
Bilico-fluoda&  of  potassium,  I^fj, 
275,  Tivilli  polassimn,  acting  upon 
the  resulting  subetance  ivitli  wattr, 
^viiicli  removea  the  fluoride  of  po- 
tassium, and  leaves  the  silicon  as  a 
13ut-brown  powder. 

It  esliibits  three  allotropic  states, 
the  aniort>lious,  graphitic,  and  the 
regular  crystalUne  forms.  Alumin- 
um  appears  to  determine  the  crystalline  form  of  silicon 
and  boron.  In  decomposing  the  v.i]njr  of  chloride  <if 
Biliconby  akiminmu  iu  avessel  of  bydrogen,  silicon  may 
bo  obtaiuod  in  hesahedral  prisms  that  can  even  cnt 
gla!is.  * 

The  amorpliOiiH  form  burns  when  boated  in  air,  but  if 
previously  ignited  in  close  ves^Lels  it  shririkii  in  volume, 
increases  in  density  so  as  to  wink  in  6ul|ihiu-ic  acid,  and, 
a?sinj^  into  nnothei:'  allotropic  slate,  beconiea  incom- 
iislibie  in  oxygon.   Silicon  can  dco."cidize  carbouiu  acid, 
and  unites  m  Ich  chlorine,  bromine,  and  fluorine. 

Silicic  Acid,  SiO,,~iQ, 
is  one  of  the  most  abundant  bodies  in  iiatiire,  existing 
under  the  iunumevabl*  ft>i-ms  of  tbe  quartz  niiner.i.ls. 
Bauds,  and  sandstones.    It  is  found  in  every  soil,  in  all 
■waters,  is  a  constiluent  of  niaciy  plants,  and  forms  tlie 

WtiEiI  nv'i!  till!  proiHTties  fliioboric  ntiJ  ?  Ilnv  may  Eilipon  In; 
prutjai-cd  ?  Vtimt  n]Iuli'i'|iic  Bliilcir  does  il  pi'ireciu?  Wlint  cliiingca 
occur  in  it  by  healing?   WJiiLt  ia  iho  eonstiHiiion  of  silicic  nci4^ 


SILICIC  AND  rLtrOBItlCIC  ACIDS. 


skeleton  of  tribes  of  tlie  lower  nnimals.  Itock  crj'etal 
anil  HiDt  arc  pure  Bilitiie  acid. 

It  luoy  lie  obtained  for  tihemioal  uses  as  follows :  Heat 
rock  crystal  to  redness  and  quench  it  in  water.  Fuse 
oiiepiirt  of  lliis  with  tlivee  parts  of  a  mixture  of  carbon- 
ate of  soda  atid  carbonate  of  poLassa,  dissolve  the  results 
in^  silicate  in  water,  and  (Iccoiiip-ose  witb  hydrochloric 
acid.  Tiie  silicic  acid  separates  as  fi  gelatinous  hydrate, 
sliyiiily  solnble  in  water,  wlilch,  when,  washed  and  dried, 
yittlda  a  white  iiisolublts  powder. 

Silica  is  a  gritty  substance,  sufficieiitly  liard  to  ecralch 
gliiss.  Its  Bpecitic  gravity  ia  2.6G.  It  combines  with 
the  alkalies  in  excess  to  form  glass.  It  requires  a  high 
temperature  for  I'usiou,  and  is  insoluljle  in  rny  acid  ex- 
cept hydroiluoric.  At  ordinary  temperatures  the  siii- 
catea  are  decomposed  by  carbonic  tlcid,  and  it  is  to  ihia 
agency  that  the  disintegration  of  many  rocks  is  due. 
Soluble  glass  ia  made  by  fusing  carbonate  of  soda  with 
sand  and  charcoal.  The  soluble  mass  is  Bomeliinea  used 
as  a  paint. 

FttJOfilBK  Of  SiUCOn. 

Fij.  iia.  n 


Fluobilicic  Acid,  :SijPj=79, 
results  when  silica  is  dis- 
a.olved  in  hydrofluoric  acid, 
or  when  fluor  Bp.ar  and  sniid 
arc  healed  with  sulphuric 
acid.  It  is  n  coloring  acrid 
ga?,  fumes  in  the  a*,  extiu- 
njuishee  flame,  and  may  bo 
liquefied  and  solidified.  The 
specific  gravity  ia  3,0;  100 
cubic  inciios  weigh  112  grs. 
Trjinsmilled  from  the  flask 
which  generates  it^  a,  l^ig. 
270,  through  water,  it  is  de- 
composed, hydratcd  silica 
being  deposited.  To  pre. 
vent  the  tube  which  delivers  the  gas  being  etopned 
by  the  liberated  silica,  some  quicksilver,  e,  m.iy  be  put 
in  the  vessel  (f,  and  tho  tube  dipped  into  it,  so'lliat  the 
bubbles  of  ^as  m.ay  not  come  into  c&nlaot  with  the  wa- 

Hnwis  ii  prepared?  Wlinl  «vc  ila  jiroporlies ?  Whnt  is  soluUle 
glasi?   How  ia  fliioailidc  aaid  mnde? 
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teu  iimil  tiiej"  havo  leaclied  tho  surface  of  the  metal. 
Siilpliiiric  acid  msiy  Le  introduced  tlirougb  I.  In  the 
walei-  lij-di-oil  no  silicic  acid  t'ormB,  It  niny  be  used  ;is  a 
test  for  potassa,  soda,  and  liaryta* 

iJiTEOGBS  and  HyDKOGEs  yield  three  conipou.iid3: 

N//,,  Atnidogen. 
A'i/j,  jlmmunin, 
%  I^U„  Ammo  ni  mil. 

is  a  hypotlictical  compound  radical,  tlic  existenee  of 
wliich  ill  several  coniponnds  is  inferred.  On  lieiiLinjj 
potassium  or  sodium  in  dry  ammonia,  one  equivalent  of 
hydvogeli  is  set  free,  and  a  solid  substaMCC  reumiiis — tlio 
amide  of  potassium.  Tiiis,  in  contact  willj  water-,  yields 
potassa  aiad  ammonia, 

A",  Nir^-[-nO=KO-irNH^. 
Amidogen  19  au  qlectro-negaljve  compotmd  radical  like 
cy.mogen. 

AmrONiA.  NJFj—'i^. 

Tliis  Eubslance,  called  also  volatile  alkali,  is  an  abtm- 
dant  jiroduct  of  liic  pntrcfnetioci  of  animal  nisilters,  and 
may  be  obtained  from  the  destriiciive  distillation  of 
horij;  heiiee  tbe  name,  £i|)inl  of  hartBborn.  It  also  ex- 
ists in  tho  air,  and  is  a  ctmimon  product  of  mauy  cliem- 
icai  reactions..  Iron  rusting  in  a  damp  at- 
mospbcro  cantains  a  tracG  of  it  mixed 
with  tlic  oxide. 

It  may  be  obtained  by  hciiLinjrin  fi  flask, 
a,  Mg.  277,  equal  r|uantities  of  slacked 
lime  and  chloride  of  aramoniiiiii ;  and  aa 
its  Bpceifie  gravity  is  only  .587,  it  may  be 
collected  in  ft  flask  or  jar,  b,  with  tlic 
mouth  downward,  by  displacing  the  heav- 
ier air.    The  action  is 

A^Il,  Cl+  V(t  0,  nO=  Ca  Cl+^MO-l-NJl,. 
It  may  also  be  collected  at,  the  mercurial  trough,  as  in 

It  is  a  transparent  and  colorless  gas,  of  eseeasiva  pnn- 
gency,  and  a  stTon^  alkali.   It  may  be  liquelitdat  —40°, 

Whnt  effect  hns  water  on  it?  How  many  componrdB  of  nitroBtn 
nnJ  lijcirogcn  itrc  ilierc  f  What  is  nmidogen?  Eqw  does  ammu- 
ui.T.  arise  ?    How  mny  it  ba  procnred  ? 


and  aolidlfied  —103°,  the  liquid  hviw^  most  easiij-  ob- 
tained by  liL'nling  in  m  sealail  tiibo  clilonile  of  silvpi-  sat- 
iiT.ited  with  the  gas.  It  tiinia  tiii'moric  paper  brown; 
is  nbsovbed  wit!)  groftt  rnpidity  by  water,  wliii^li  at  50° 
takes  \ip  GTfl  tiinfg  its  vnliime,  a  result  which  inay  bo 
illiistratGil  by  inspning  n  flask  full  of  it  in  boiug  co1<3  wa- 
ter, wlien  u  ati^r  riisbes  up  Willi  sufficient  violcuce  to 
destroy  ihc  Uiiiik  frequently.  Ammoiiia  mjutraliaes  tlia 
strongest  acids,  us  riiiiy  be  shown  by  dropjiiujj;  it  iuto 
btmiiB  water  which  has  been  reddened  by  eulplmric  or 
nitric  acid. 

It  is  composed  of  three  vohimos  of  hydrogen  Tiitli  one 
of  nitrogen,  cotidonsed  into  two  yobinics.  It  inny  be 
Ptg-m.  vecognizetl  by  ila  Tcmailiablc  odor,  aud  by 
the  foruialinn  oPwliite  clouds  when  a  rod,  a, 
JPiff.  2"!>,  dipped  in  muriatic  nci<!,  la  np- 
proiicihed  to  it.  One  hundred  cubic  inclies 
weiijh  18.19  grains. 

Its  solution  in  water,  atjiia  ammonia,  is 
prepared  by  passing  the  rhs  evolved  from 
Rlaoked  limo  and  sal  niunioniac  tliroiigh  Wolfe's  bolllea, 

Wlinc  nra  il<i  proporlicB?  How  mnnv  voIuhips  of  il  Aaes  ivator 
nbacitbF  Wlmt  is  iis  cffijcl  on  reiidcneil  lirmus  ?  What  ia  its  coni- 
posliion?    Uoiv  is  it  Jutectcil?    How  U  nqun  unnnonin  maJc  f 


as  13 


represGentd  in  Fig.  280.    The  waler  will  la,lte  it 


f'b,  ssn. 


iziiig.    It  afforda  the  best  raeafia  of  obt.aitun(>  Qiiin^'-"'\s 
merely  rcqiiiiincr  to  be  w-ai-med  in  a  flask,  wlieu  ^^'^  ^* 
readily  cornea  off. 

Ammonium,  Am;=NS'^-:=\%^ 

ia  fi  liypoihetical  body,  believed  to  be  of  ^  rn<A-^^^^^ 
iTii-e;  iia  symbol  ia  A-m.    It  mny  lie 
inereiiry  by  decomposing  a  sobitioii  of 
salt  by  a  Voltaic  ciirrait,  the  negative 


I 


contact  ivith  a  globule  of  that  niefal,  or  ott^**Y 
amatg.ani  of  potassitim  and  memiry  In  a  „  X  ^.-.oii  .uV^ 
ammoDiac.    Under  those  circiirastaucea  ^\ 
swells,  Jind  eventually  bepomea  of  a  sofV  &v**'^t''^"' 
nice  butter,  preserving  its  metallic  asp^  '^''^"i^V^'^U^'*^ 
Whila  the  mercury  increases  to  tbirty  ti,^^  ' 
at  100°,  itincreasos  in  weight  only  ^iJLj^^yA*^a 
tempts  to  separate  the  aianiouiimi  froiw  ^^^'"Vvi^^''^'^' 
which  crystallizes  in  cnboH  at  zero,  hav  ^  "^^V*   \.  ' 
composes  into  N^H-^  aiitl  S.  ^sxjV*^*  ^ 

It  is  now  generally  aiireed  by  chex^-- 


WhHt  is  tho  natdce  of  nTnmoninm  ? 


'J 
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uiuni  is  the  basis  of  the  Balta  of  ammoaia,  aa  originally 
stated  hy  Berzelius.  TIiiis  eal  iimmoniac,  called  also 
the  rauriitte  of  amuionlaj  is  J^If^Hdj  this,  however,  is 
the  same  aa  CI;  that  isj  the  chl&ride  of  atiimo- 

iiiutii.  But  it  must  be  remembered  that  when  dry 
nttimonia  and  hydrochloric  H«id  gaa  are  brought  in  con- 
tact a  white  solid  is  formed.  It' this  is  called  chloride 
of  ammonium,  it  would  be  necessary  to  suppose  lliat 
the  animouiii  has  taken  hydrogen  away  from  chlorine, 
whereas  ammooia  is  itself  decomposed  by  chlorine. 

In  all  casea  where  ammonia  forma  salts  with  the  so- 
called  oxygen  aciJg,  it  requires  an  atom  of  water,  but 
this  water  evidently  gives  it  the  consliliition,  not  of 
JVJl3-\-I/0,  but  A'Zrj-[-  0  ;  the  water  therefore  makes 
it  oxidu  of  ammoiiiutn,  which  will  unite  with  enlphuric, 
or  nitric,  or  any  other  acid  precisely  after  the  manner 
of  any  other  metallic  oxide.  Moreover,  the  compounds 
of  ammonia  with  thia  atom  of  water  are  isomorphons 
M'iththe  corupounda  of  potaasiunj. 

roU^alum  zcrici.    Ammouluiii  acrlci. 

Mcttil  a:  -A-I" 

Oxide  KO  A\bO 

Chldi-ido  KCl  AmCl 

Siil[>hldB  A'S  AmS 

Nitrate   KO,  NO,  A'-iO,  JVO. 

fiulphate  A'O,  SO,  AmO,  SO, 

Of  lIiQ  compoutida  of  ammonium  with  other  bodies, 
the  protosiilpliide,  JVIZ,iS,  naay  be  mentioned  mider  the 
iiamo  of  lij  drosnlphate  of  ammonia.  It  i3_  used  as  n 
test  for  metals  in  alkaliae  solulions.  There  is  also  a  bi- 
Bulphide. 

■  ^f'.-i"  '■■^'ition  ID tlic  ammonjii  salts ?  Wlinl  is  Iho  consilium 
f  iL^-     J  nnimonin  with  oxjffen  acids  ?    Like  wliat  tiass 

oi  twoies  lioea  animouium  nctF  What  is  hvilrosuliihata  of  atnnui- 
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LECTUBE  LVII. 

Geitbbat.  Peopeetiks  of  the  Metals. — Definition  of 
a  Metal.  ^  Color,  Specific  Gravity,  Sardiicsn,  Ten  ac- 
ity^ and  other  I'roperliea, —  Helations  to  Meat. — 
Co-mpounda  iDitfi  other  liodies  and  one  anothei:— 
Division  into  Cfrottps.  —  77ie  Oxides  and  t7tcir  Jle- 
duciioti. — 2?ie  S^dp/ndea  and  their  Reduction. 

Of  the  elementary  bodies,  by  far  the  largei-  poitioii 
nro  metallic.  By  a  metal  we  mean  a  body  wliicli  jms- 
Besses  that  peculiar  manner  of  reflecting  liglit  wliith  is 
known  &s  metdli'C  lustre ;  it  is  also  a  good  ci^nductor  ol' 
beat  and  electricity.  Of  these  there  are  about  55 ;  Ibo 
number  is  being  con  tin  ii  ally  in-creased. 

Most  of  the  luetala  arc  of  a  white  color,  hut  they  dil- 
fer  from  each  other  by  slight  shades,  eoniG  having  ii 
faint  blue  and  some  a  pinkish  ebndo.  There  are  two 
that  are  strikingly  colored — gold,  which  ia  yellow ;  nnd 
copper,  which  ia  red.  In  apecific  gravity  they  differ 
exceedingly;  potassium,  aodmm,  and  lilbiuQi  float  in 
water,  and  iridttim  ia  21  times  aa  heavy  as  that  liquid. 

Many  of  the  metala  arc  mallGible — that  is,  can  be  ex- 
tended into  tbin  sbceta  under  the  blows  of  a  hammer ; 
others  are  so  brittle  that  they  may  he  reduGed  to  pow- 
der in  a  mortar;  some  of  them  are  ductile,  and  may  be 
drawn  into  fine  wiresjtbe  order  for  ductility  not  being 
t!ie  same  as  that  for  malleability.  Thus  iron  may  he 
drawn  into  fine  wire,  but  can  not  be  beaten  titit  itito 
such  thin  sheets  as  many  other  metals.  Of  all  meinls, 
^old  is  the  most  nialleablo,  and  platinum  has  been  drawn 
into  the  finest  wii-os,  ^^^W^^  of  an  inch  in  diameter. 

What  is  the  definition  of  n  metal?  How  many  tnetnls  are  tliero? 
WliBt  is  Lheir  color  cotnmonly?  Which  nre  the  Polored  mclala? 
Which  is  the  lighiost,  and  whifli  Ific  hcinicsi  inptiil?  Oflhe  met- 
als, which  is  tho  must  iluctiltv  liie-  iin'st  iiiallcabk,  Eufri^t,  the 
linrdest.  Ihe  most  fiisililc? 


Si 
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In  liarilncaa  tbe  metals  difTur  niucli — potassium  ie  bo 
Bofc  that  it  may  be  iiiouUlcJ  by  the  fingers,  but  iriJium 
ia  among  the  liardest  bodies  kiioivn.  In  tenacity  or 
strength  the  aume  diflertncGs  are  eueii.  Of  all  metals, 
iron  is  the  most  tenacious ;  :i  wire  one  tenth  of  an  inch 
in  diameter  wili  sustain  n  quarter  of  a  ton.  The  tenaci- 
ty is,  ns  a  rulo,  tlocroased  as  the  tcmporatnre  risea. 

In  their  relations  to  heat,  well-marked  distinctions 
may  be  traced.  Mercury,  at  ordinary  teniperaiuroa,  ia 
in  a  melted  condition,  but  |jlalinum  can  only  be  fnsed 
by  the  oxyhydrogrn  blow-pipe  or  an  electrical  cuvrenti 
As  respects  volatility,  mercury,  cadmium,  potassium, 
Fodiiiiu,  zinc,  arsenic,  and  tcllui'inm  may  be  distilled  or 
Euljlimed  at  ,i  red  heat.  Gold  and  eilvec  may  be  yapor- 
izod  at  a  very  high  Iiaat. 

Tho  metals  unito  witli  electro-negative  bodies  and 
with  each  other.  In  decomposition  by  tho  Volliiic  bat- 
tei-y  tliey  pass  to  the  relative  pole,  and  are  thcrefove 
culled  electro-posilive.  Tlioir  conipoimds  witli  oxygon, 
ohiorine,  etc.,  pAss  under  tho  name  of  oxides,  chlorides, 
etc. ;  their  compounds  with  each  other  under  the  name 
ol'  alloyH  ;  or,  it'  niercnry  be  present,  anialgame.  They 
also  unite  with  sulphur,  phosphorus,  aril  carbon. 

Chemical  writers  usually  divide  the  rautals  into  groups 
I'onnilcd  upou  their  relations  to  oxy_eeii  gas,  Tlie  fol- 
lovviugEiraple  division  will  be  adopted  in  this  book :  1st. 
Metals  which  decompose  water  at  common  teaipera- 
tufiis,  2<-],  Slotals  which  only  decompose  water  at  a  red 
heat.    3d.  Metals  which  c:in  not  detjompose  water  at  all. 


1  bt  tflMlip. 

Ji)  ilium. 

Zinc. 

Gliitinum. 

CailniiiimL 

ilium. 

Zirconium. 

Tin. 

Ijiihiiinii 

Tlioriinri. 

C;B*inni. 

Vrtriiinu 

Sd  r;rnii[i. 

Kiibiiliinn. 

Erlii  lira. 

■Chromiitnt. 

Barium. 

Tarbium. 

VBDnLliiEin. 

StroDLiuni. 

Ceri  II  w. 

Tnn|5st™. 

Calcium. 

I.nnthriiDn]. 

Muljliileniim. 

JJidyniiaiTi. 

Oslo  i»  in, 

Erl  Gmiip- 

AlQi^ncsiiim, 

Htnnganesc. 

rolnmlium, 

Iron. 

Nidbi  iiin. 

Aluniinuiu. 

Hickol. 

Ilineniiim. 

TlialHuni. 

Cobalt. 

Tiiftnlum. 

With  vvlint  iillipr  siibilunoes  do  Ihoy  unite?  Into  wli:it  gronp* 
may  ilicj-  be  tliviJuJ  ? 


TUB  METALLIC  OXIDKS. 
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Arsenic. 
Antimony, 
Tell  II  ['iu  in. 
Uranium. 
Copper. 


Lead. 
Bisrnmlt. 
Silver. 
Merciirv. 
Gold.  ■ 


Falladinm. 
ri.aiiiiLini. 
RliL^dLiiiii. 
IriJium- 
Rul  iienlum. 


In  addition,  tlievo  avo  Diamum,  Noriuru,  and  Peloplutu, 
the  existence  of  wliich  is  uiicertain. 

The  older  cLernists  divided  the  metals  into  four  class- 
es: Ist.  Alkaliue,  as  potassiiim;  2d.  Eartby,  as  magno- 
Biiiiu ;  ad.  Imperfect,  as  zinc ;  4lL.  Noble,  as  gold. 

The  Metallic  Oxideb. 

Metallic  eiibstancGs  iinite  with  oxygen  with  diiferent 
di'gi'ocs  of  intensity  ami  in  very  diftbrciit  pvoporlioiis, 
many  of  ibem  giviD»  rise  to  a  coirj'lete  set  of  oxide?, 
nnd  producing,  1st.  Basio  Oxidoa;  2d.  Neulral  or  Indif- 
ferent Oxides;  5d,  Molallic  Acids. 

lat.  Tlie  basic  osiUca  arc  commonly  protoxides  or  ses- 
qnioxidGs,  "which  form  neutral  siilts  with  hydi'Ogen  acids 
with  the  production  of  wattr,  To  form  such  snlts,  for 
every  atom  of  oxygen  in  tlic  liase  there  is  required  ono 
atom  of  acid.  A  basic  protoxide  therelbre  requires  one 
atom  of  acid,  a  sesquioxEde  three,  and  a  deutoxide  two, 
to  form  a  neutral  salt. 

2d.  The  neutral  or  indifflM'ent  oxides  contain  more 
oxiypen  than  the  basic,  and  >vhen  heated  ivith  acids  give 
off  the  oxygen,  a  Ijasic  oxide  rcsnltiiig. 

3d.  The  metallic  acids  always  contain  most  oxygen. 
They  may  be  eesquioxides,  Jtntosides,  tci-oxides,  or 
qiiadroxides,  and  are  comniouly  formed  hj  deflagi-ating' 
the  met.al  with  nitrate  of  potassa. 

liEDUCTION  OP  TUB  MdTALLIL'  OsiDEft. 

Some  of  thu  o.vides,  as  those  of  uior:;iiry,  sllrei",  and 
gold,  may  be  reduced  by  heat,  alone,  but  llio  greater 
Jiumhor  require  the  conjoint  action  of  cai'bon,  wjiLuh  at 
a  high  temperature  decomposes  lliem,  -with  cvohitlou  of 
carbonic  oxide.  Among  poiverfnl  reducing  agents  may 
be  mentiotied  the  formiates  and  the  cyanide  of  potas- 


WhuC  una  llio  oM  division?  Wlmt  BiiVsInncFS  iId  inctEila  pclJ 
w(Lh  OKygen  ?  What  ifi  ihit  pctinliitriij"  of  bHsic  o^^iilcs  ;  iif  n&TiIml 
fixicies  ;  of  melqllic  ncids  ?     Br  What  proccsMs  may  metallic  osidia 

t«  reduced  F 


Biam.  the  former  acting  through  the  affinity  of  cartooic 
oxide  for  oxygen,  auJ  the  latter  through  the  aS5nhy  of 
carbon  and  ijotaasiiiiii  conjoinily.  The  dL-oxidatioii  of 
metals  may  also  be  accoiuiiliahed  by  reducing  agems, 
Buch  as  pliosphoroua  and  sulphurous  acids^  or  by  the  ac- 
tion of  other  luelala  ;  iron,  for  instaoce,  will  precipitate 
metallic  copper  from  its  solntions. 

The  VoUaie  cnrreiit  affords  a  powerful  moans  of  ef- 
fecting the  reduciioii  of  metals.    ISy  its  aid  the  nlkaline 
5S1.         metals  were  discovered.    The  electro- 

&type,  already  described,  is  an  example 
of  its  uclioa;  eolations  of  metallic 
salts  are  readily  decomposed  hy  it. 
Thus,  if  a  glass  jar,  T,  I^ff.  2S1,  be  Oi- 
viiled  into  halves,  and  a  paper  dia- 
phragm, D,  be  inli'odnced  between 
idem,  the  halves  being  tightly  press- 
ed tog-Gthcr  by  the  ring  B  B,  if  the 
^ar  be  fillcil  with  any  metallic  sohition,  such  as  the  sul- 
pliaie  of  soda,  and  the  positiye  and  negaliv-e  wives  of 
the  battery  dipped  in  the  opposite-  compartmems,  after 
n  time  the  liletallidj  oxide  will  be  found  in  one  of  ibcm 
and  the  add  in  the  other,  a  total  decgmposilioQ  having 
talcen  place. 

Tun:  Mctai.uc  StrLPUiDKS. 

Many  of  these,  as  the  sulphides  of  iron,  lead^  and  cop- 
per, are  found  abundantly  in  natore,  or  ihey  may  be 
made  artificially  by  heating  the  metal  with  sulphur,  or 
by  deoxidizing  moLallic  sulphates  by  charcoal  or  liydro- 
gett  gas,  ivhicli  converts  them  into  BulphiJea,  or  by  the 
action  of  snlphnretGd  hydrogen  on  their  oxiiies,  a  metal- 
lic sulphide  and  ivatcr  boiiig  produced.  Iron,  manga- 
nese, zinc,  cobalt,  and  nickel  may  be  precipitated  by  by. 
drosniphate  of  ujiimonia  from  alkahne  solutions. 

The  sniphidafe  of  a  metal  are  usually  eijual  in  nnmber 
and  similar  in  eonstitntioii  lo  its  oxides ;  and  as  oxygen 
eompoiinds  unite  wilh  each  other  to  produce  oxygen 
salts,  the  sulphides  in  like  manner  also  unite  with  each 
other  lo  produce  sulphur  ealLs. 

WcacrilKa  Hie  cxpcrimctit  /'i./.  281.  lloiv  may  int^inllic  suliiliides 
be  mado  f    ^Y]\ai  rckcioa  cxisW  licin-cca  anli-liiJea  nnd  oxides  f 
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TlKDt'cnoN  or  the  Sui.phiues. 

Tho  metallic  sulphides  may  often  be  reduced  Ijy  melt- 
iDcr  tiiern  with  niiother  iiiet-al  luiving  a  more  powerlut 
affinity  for  suJphui';  thus  iron  filings  will  ducomposo 
aulpliide  of  autimony,  sulphide  of  iron  forming  and  au- 
timoFiy  being  set  free.  On  the  large  sciile,  however,  a 
different  process  is  resorted  to;  the  Bulphide,  by  ronet- 
ing,  is  converted  into  Ji  sulphate,  jnuch  of  the  sulphur 
being  expelled  during  the  process  aa  sulphurous  or  buI- 
phurio  acid.  The  resulting  sulphate  is  ihon  acted  on  by 
lime  and  carbon  at  a  high  tempcratui-e ;  the  lime  decom- 
poses the  sulphate,  aetting  free  tho  rtiot.illic  oxide,  which 
18  at  once  reduced  by  the  carbon,  the  Rulphnte  of  limo 
turning  siraultaneoiisly  into  the  snlphide  ofealeittm,  and 
floating  on  the  aurface  of  the  metal  as  a  slag. 

The  metals  also  unite  with  cblorine,  iodine,  bromine, 
eai'bon,  phosphoruB,  etc.,.  and  some  with  hydrogen  and 
nitrogen.  These  ooropounda  will  be  described  in  their 
proper  places. 


LECTURE  LVIII, 

PoTASsruM, — Desco  veiy  and  Properties. — Preparation. 
-—  Helation  to  Oxyffm  and  Water.  — '  Its  Oxides.  — 
Causlia  Potassd.  —  Tesis  for  Potassa. — Itif  Existence 
in  the  Soil  and  Pluixts. — Maloid  Compounds  of  Po- 
tassium.—  Salts  of  Uie  Protoxide,  tfie  GarboncUey  If't- 
irate.  Chlorate,  etc. 

PotjVssium,  ^=3fl. 

PoTAS&iijir  (Kalium)  was  first  obtained  by  Sir  Huiu- 
plirey  Davy  in  180^.  He  decomposed  its  hydtated  ox- 
ide, potassa,  by  a  Voltaic  current.  Trom  the  positive 
pole  oxygen  gna  escaped  in  babbles,  and  metallic  potas- 
sium ill  globulea,  together  with  hydrogen,  appeared  at 
the  negative. 

It  was  snbsGquently  discovered  that  tho  Game  eub- 
stance  could  be  decomposed  by  iron,  and  also  liy  car- 
bon  at  a  high  tempei'ature ;  and  the  latter  of  these  sub- 

How  niRj  the  Biitphidcs  be  rC'duced?  What  is  the  proceea  on  si 
Imrge  scale?  How  was  polassiiun  Brat  obtained?  What  prOMsa  in 
n-ow  in  use? 

O 
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Btances  is  now  exclnsively  resort'ed  to  for  the  prepajs- 
tiou  6 f  potassium.  The  carbonate  of  polassa  is  ignit- 
ed with  charcoal  in  an  ii'on  botlle,  and  the  potasstHni 
received  iiilo  a  \esBel  coniainiDg  naphtha.  The  pro 
ductiveness  of  llie  opera.liou  is  greatly  interfered  -nrilli 
by  tlie  circmnetance  lliat  the  carbonic  oxide  wl^lcfa  is 
evolved,  aa  it  cools  below  a  red  heat  nnitea  ■with  mach 
of  the  pola&sium,  producing  a  gray  eubstanee,  -which 
chokeB  th-e  tubes  aiid  diminishes  the  yield  of  tbe  tc^ud. 
Not  more  than  one  fourth  of  the  potassium  contained  in 
tile  carbonate  is  obtained. 

Potassium  is  a  bluish-white  metal,  which  at  32°  is 
brittle,  melts  at  150%  and  boiU  at  a  red  heat,  yielding 
a.  green  vapor.  Its  speci6c  gravity  is  .BG5 ;  it  is  there- 
fore mricli  lighter  t!ian  water,  oi;  the  surface  of  wLich 
it  floats.  At  70°  it  may  be  moulded  with  lie  fingers, 
b<;iiig  soft  and  pasly. 

It  possesses  an  intense  affinity  for  oxygen,  and  lienoe 
Pig.  89S.  requires  to  be  kept  nnder  naphtha,  s  liqoid 
containing  no  oxyg'cn.  A  piece  of  ii  throwii 
upon  water,  Fig.  ■282,  lakes  fire,  and  biinia 
with  a  beaiiiifiil  pink  danne.  In  ihc  air  it 
speedily  laruisfjCB,  as  ia  seen  on  cutting  a 
niiips  with  a  penknife  i  aud  even  in  contact 
iviili  Il'c  liieie  is  decomposition  with  flame.  In  iheM 
casea  the  combustion  arises  from,  the  Iiydrogen  uniting 
with  the  oxygen  «f  the  air  and  reproducing  water,  the 
potisaium  Bininllaneously  bnming  into  potsBsa.  Potas- 
Giiiui  in  used  for  obtaining  other  metals,  as  aluminuiQ, 
niagncaiiiQi,  etc,  from  theii'  oxides. 

PoTASeiUSI  AXD  OlYGEK, 

Tliere  ore  three  oxides  of  potassium — a  suljoxide,  a 
protoxide,  aud  a  ptraside ;  -ST,  O,  KO,  and  KO^. 

Suhoxide  of  Poiasaium,  JT^O^&tif 

is  formed  by  heating  potassium  in  a  limited  amount  of 
air.  ]t  takes  lire  when  healed,  and  ia  converted  by  wa- 
ter into  potassa,  hydrogen  being  evolved. 

What  interfares  wilh  llio  prorfnctiTBness  of  ihe  ojicrfltinn?  What 
lira  lha  jifftpeTtiM  of  pcitasBium?  Hoiv  does  it  net  on  the  snrfiice 
iif -wnlcrP  Of  what  iii;o  U  potUPiiii  m  f  lliiW  Innny  oxidea  does  it 
form  f    UoiT  is  Ihe  eaboxidQ  formed  ? 
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Proto:nde  of  Potassmm,  KO—il, 

is  made  by  lieating  one  aloiii  orpotassiuru  ivilh  one  of 
hydrate  ol  potassa,  jr-fA'0,_Z/0=2_firt*+ J/: 

* 

nydrated  Oxide  of  Potassium^  KO,  HO^  56, 

ia  best  procured  by  boiling  two  parts  of  puie  carbonate 
of  potnssa  with  twenty  of  water,  and,  having  previoiiKly 
slacked  one  part  of  (jiiiut-linio  with  hot  water,  the  cream 
which  it  forms  is  to  be  added  by  degrees,  and  the  whole 
boiled.  The  process  Rhould  be  conducted  in.  aD  iron 
vesaeljto  wliich  a  lid  can  be  adapted,  so  as  to  exclude 
the  air  during  cooling.  The  resiilliiig  carbonaLe  of 
lime  settles,  and  the  hydriite  may  bo  obtained  by  tvnp- 
orating  the  solution  rapidly  in  a  silver  vessel,  pouring 
out  the  melted  residne  on  a,  silver  plate,  or  CEiBtiug  it  in 
tliG  form  of  Biuall  cylinders. 

The  decomposition  which  takes  place  is  very  simple  : 

KO,  CO^-if  CaO,  nO=  Ca  0,  CO^^-KO,  HO; 

that  is,  the  lime  takea  carbonic  ncid  from  the  carbonate 
ofpotassa,  and  the  oxide  of  potassium  uniLea  with  iva- 
ter.  Tho  eolution  may  be  known  to  be  fi'ee  from  car- 
bonic acid  by  not  effervescing  when  mixed  "witL  the 
stronger  acida. 

The  bydrato  of  potassa,  cmistic  potash,  is  a  white 
solid,  bavins'  a  powerful  affinity  for  water,  and  abstract- 
jpg  it  rapidly  from  the  air.  Taken  between  the  fingers, 
it  commnnicatea  to  them  a  sod  feeling,  and,  if  a  con- 
centrated solution  be  used,  soon  effects  a  disorganiza- 
tion ;  it  is  hence  employed  b;  surgeons  as  an  escbarolic. 
rt  possesses  pre-eminently  the  alkaline  qualities,  snd, 
indeed,  may  be  taken  as  tho  type  of  that  class  of  bod- 
ies;  neutralizes  the  most  powerful  acids  perfectly,  and 
eommunieales  to  turmeria  paper  or  Eolulion  a  brown 
tint.  It  turns  the  reddened  infusion  of  litmns  bine,  dis- 
Bolves  flint  glass,  and,  possessing  an  intense  affinity  for 
carbonic  acid,  is  nsed  iti  organic  analyfiia  to  abporb  that 
gas.    Heated  in  the  blow-pipe  flamo,  it  gives  a  charac- 


How  is  tha  proloxida  formed  ?  How  is  the  Iij'drotcd  oxido  ob- 
laincdf  Dcaeribeiho  decompoution,  IVlwitBrj  thu  prgpei-jllB  nnd 
uses  of  CUTIS  tic  pot  iia.sii  ? 
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tcriatio  violet  tinge,  anS  in  the  spectroscope,  caaily  rec- 
ogniaed  lines. 

Fotassit  ill  (jombiiialion  occars  in  fertile  sails,  and  ia 
essentiiil  Lo  tlic  growth  of  land  plants,  from  ttie  nshes 
of  whjch  ILb  uarbonale  is  abundantly  jH-octired.  Thia 
may  be  shown  by  iiltering  water  tiirough  the  aabes.  of 
wood,  when  the  clear  liquid  will  be  found  to  aaswor  all 
the  teats  indicating  the  pvesenoe  of  potaasa.  It.  also  oc- 
curs abmidatitly  in  feldspar,  and  hence  is  found  in  clays. 
The  want  of  fertility  En  soils  ia  often  due  to  the  absence 
or  exhaustion  of  tJiia  body. 

The  bichloride  of  plalinuni  gives,  with  a  solution  of 
potassa,  a  yellow  precipitate  of  the  chloritle  of  potas- 
aiuin.  and  platinum.  When  the  amount  of  potassa  ia 
small,  it  13  well  to  add  alcohol  at  first,  in  which  the  dou- 
blu  chloride  is  ainioat  insoluble.  Anitnonia  yields  n  sim- 
ilar precipitate,  but  this  may  be  avoided  by  exposing 
the  Bubstaacc  to  a  red  heat  before  testing.  Perchloric 
acid  with  alcohol  yields  a  white  precipitate.  Tartaric 
acid,  if  added  in  excess,  and  the  niixtiire  stirred  with  a 
glass  rod,  bearing  gently  on  the  sides  of  the  vessel, gives 
white  streaks  of  the  bitartrate  of  potassa  wherever  lha 
rod  has  passed  over  the  glass. 

Of  other  cotnpouuda  of  potassium  the  foll&wing  may 
be  mentioned : 

Pcroxiiie  of  Polassiinn,  KO, 
Clilorido  of  rotnssium,  KCI 
Iodide  of  t'otassitim,  Kl 
Cynnido  of  Potnaai  uin,  A'Cy 
Bromiiie  of  I'o-toBsi  iirr,  KHr 
Protosuljilvida  of  Poiossmm,  A'S 
TcrsulpliiJe  of  Potnssiutn,  KS, 
^Anidc  of  Putassjunij  -^'n 

It  also  conibitiea  with  hydrogen  in  two  proportions, 
producing  a  sohd  and  £i  gas ;  the  latter  takes  hre  Bpon- 
taneously  in  the  air.  With  ammonia  it  produces  po- 
tas-siamide,  the  composition  of  which  ia  liN^U^. 

Of  these  compounds  the  most  important  are,  l.The 
peroxide  of  potassium,  which  is  formed  by  buruing  po- 
tasBitim  in  oxygen.    It  can  support  cotnLiistlon,  and  is 

Hdw  maj'  iho  MiisienCG  of  potassa  in  pliints  be  sho"Ti  ?  Whnt  ure 

the  laitH  for  pomsEa  ?  NrnnC  Botm;  of  (lie  oilier  compounds.  Whnt 
11  pnlnssiainide?  Whnt  are  the  properties  of  the  peroxide  of  potas- 
sium? 
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decomiiosed  by  water,  evolving  osygen  and  leaving  po- 
Lassa  in  Eiolulion.  2.  The  cblot'iilc  of  potns^iiuiti  is  annl- 
ogoua  to  cornmon  eiilt,  and  luay  be  formed  by  burnings 
potassium  in  eliloriiie.  3.  The  iodide,  much  ol'wliidi  ia 
coiisimied  in  medidiis  and  plicitograpljy  under  tlie  namo 
-  of  hydriodate.of  |)otaeaa.  It  la  prepared  by  dissolving 
iodiue  in  a  EolitlioD  of  potassa  till  tbo  liquid  begins  to 
appear  brown,  tlieu  evaporating  to  dryness,  and  igniting 
the  residue ;  oxygen  ia  evolved^  and  iodide  of  potassium 
remains;  it  niJiy  tlien  bo  crygtuDized  from  ibe  sotulion 
in  water,  tbo  form  assumed  being  that  of  cubeB,  It  is 
very  soluble  in  water  and  bot  alcoliol,  and  will  diasolve 
lar^43  (quantities  of  iodine.  4,  Cyanide  of  potaspiurn, 
whicli  la  of  great  use  in  photography  for  dissolving 
iodide  and  bromide  of  silver,  will  be  described  in  or- 
ganic chemistry,  5.  Bromide  of  potassimu  may  be 
made  like  the  iodide,  and  is  used  as  an  ingredient  of 
collodion  in  photograpliy  on  glass. 

Saits  op  tub  Peotoxide  op  PoTASBinir, 

Carhonate  of  Potassa  la  obtained  by  lixiviating  tFio 
ashes  of  plants.  Iji  an  impnre  state  it  forma  the  pot- 
ashes acid  pearia^hea  of  commerce.  It  may  be  obtained 
pure  by  igniting  the  bilartrate  with  half  its  weight  uf 
tbo  nitrate  of  potassa.  It  has  an  alltaliac  taiite,  its  Solu- 
tion feels  greasy  to  the  fingers,  it  is  very  soluble  in  wa- 
ter, which  takes  up  nearly  its  own  weight,  and  it  is 
deliquescent. 

2iicarbona(e  of  Potassa  is  formed  by  tmnsmitting  a 
stream  of  earbonicacid  through  a  Rointioii  of  the  former 
Bait.  It  crysLallizea  In  eight-sided  pi'isniB  with  diliedi-al 
summits,  and  has  moat  of  the  properties  of  the  carbon- 
ate. 

Siiljihaie  of  Potassa  is  formed  ty  neutralizing  tho 
following  salt :  crystallizes  in  anliydi'oiis,  short,  six-sided 
prisms,  terminated  by  si.v-sided  pyramids,  snluhle  in 
twelve  times  their  weight  of  water,  and  iuaoluhle  in  al- 
cohol. 

JiisuJphate  of  Potassa  is  a  residue  of  the  production 
of  nitrio  neid.    It  is  soluble  in  water,  but  is  decomposed 

■WTiat  fire  the  properlics  of  Iho  chloride,  iodide,  cvsnide,  bromidci 
of  pLBlassium ?    Kmm  whnt  is  rhc  carbonnio  obruiiicd?    Hci;v  ara 

the  bicarbonate,  eiilphntr,  tind  liisulplmiQ  f<qi-ined  ? 
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by  an  excess  of  water  into  the  neutral  sulpliate  and  acid. 
Il  crystallizes  in  ihomboheiirons. 

Iftlrate  of  Potassa  (Saltpetre)  ia  extracted  on  the 
large  scale  from  certain  soils  in  wliiqh  organic  mattei' 
is  decaying  iu  contact  with  poieissa.  In  t)ie  JMammoth 
Ciive  nitrate  of  lime  esisLs  iti  the  60il,  and  is  used  to  pro- 
duce  nitre  by  decomposittpn  with  wood  ashes,  It  crys- 
tnllizes  in  six-sided  prisms  with  dihedral  summits ;  fuses 
at  a  heat  below  reilnesg,  with  evolution  of  oxyg'eii  gas. 
Its  solubility  varies  greatly  with  the  temperature,  100 
parts  of  water  at  77°  dlasotvinn;  38  parts,  and  at  212" 
246  pnrtH.  This  gait  enters  as  an  essential  ingredient 
into  gunpowder,  which  is  composed  of  about  one  atom, 
of  nitrate  of  potaaaa,one  of  sulphur,  and  three  of  carbon. 
The  sniphur  of  this  mixture  accelerates  the  combnstlon, 
while  the  oxygen  of  the  nitric  acid  forma  carbonic  acid 
with  the  charcoal.  The  products,  therefore,  of  the  per- 
fect combustion  of  gunpowder  are  carbonic  acid,  nitro- 
gen, and  sulphide  of  potassium.  It  commonly  happenst 
however,  that  sulphate  of  potassa  ia  formed.  TLe  pro- 
portions of  the  ingredients  of  gnnpowder  are  varied  for 
different  uses.  The  powder  tjsed  for  mining,  for  exam- 
ple, contains  mora  sulphur  than  that  used  for  fire-nrma. 
Gunpowder  must  be  grannlated  in  order  to  secure  its 
rapid  combustion. 

Chlorate  of  J'otassa.  When  &  stream  of  chlorine  ia 
passed  into  a  solution  of  potassa,  the  chloride  of  potas- 
sium and  the  chlorate  of  potassa  result ;  the  latter  is  de- 
posited in  rhomboidal  tables.  The  chlorate  of  potassa 
ia  aohydroua  ;  it  dissolves  in  18  parte  of  cold  water  and 
24-  of  hot,  melts  at  a  red  heat  with  evolution  of  pure 
oxygen,  deflflgratcs  with  combustible  bodies,  as  sulphur, 
with  much  violence. 

Wlint  ia  the  origin  and  use  of  Ibo  niirnte?  Whnt  is  the  oonipo* 
siiion  of  EiinjKiwJcr?    How  is  iho  chlorate  made? 
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LECTUEE  LIX. 

SoDipu. — Preparation. — Itdations  toOxygen  and  Wa- 
ter.—  Color  communicated  to  Flame. — Its  OxiiJes.— 
The  Hijdrated  Oxide, — I'ests  for  Sodium-.  —  Hahid 
Cumpounda.  —  Common  S<iU. —  Sallg  of  Ike  Protox- 
ide, Carbonates,  Sulphate,  Nitrate,  Phosphate,  etc. — 
LiTuiDM.— C^siusr. — RuftiDiuM. — BaeIusi. — Its  Ox- 
ides.— HalQxd  Compounda. — iSalCs  of  the  Jh'ot9xiile. 

SoDiPM.  Na=23. 

Somuii  (Natrium)  may  be  obtaincJby  the  same  pro-' 
cess  as  pola-ssium,  but  is  test  proeiirecl  by  igniting;  the 
calcined  .icelate  ol'soda  willi  powdered  chai-conl  in  an 
iron  bottle;  and,  as  the  Bocliiini  does  not  act  on  carbon- 
ic oxide,  the  operation  ia  much  nioro  productive  tlian 
iu  the  case  of  the  other  metnl.  Like  potassium,  it  laaa 
to  be  kept  under  tlie  surface  of  naphtha. 

Til  eolor  aodiura  rGsembles  silver ;  its  spceifie  g:ravity 
is  .87;  it  therefore  flonta  on  water.  It  melts  at  about 
200°,  iind  is  volatile  like  potassinni,  its  vnpor  being;  ool- 
ni'less.  Thrown  upon  water,  it  clecomposeR  it  with  a 
hissirif;  Bound,  niid  with  the  evolution  of  hvdroijen, but 
no  ttaiiie  appears.  If,  liowever,  llic  water  be  hot,  or 
the  niotal  be  put  in  a  miisliu  biig,  tln?n  n  bomitifiil  yel- 
low tlame,  characteristic  of  sodiom  and  ita  compounds, 
is  the  r«saU.  If  a  drop  or  two  of  water  be  put  on 
freehly-cnt  sodium,  it  takes  fire. 

Sodium  and  Oxtgeit. 
With  oxygen,  sodium  forma  three  eompouada — tbe 
suboxide,  protoxide,  nnd  peroxide. 

Protoxide  of  liodiwn.  KaO=3l. 
Tliia,  like  ibe  correspond  iug  potassium  compound,  ia 
pvodnced  by  oxidising  aotlimn  in  dry  air.  It  is  a  white 
]>on'der,  wliieh  attraclB  moistuvc  from  llie  air,  nnd  forms 
the  liydrated  oxido  of  Bodiiiiu,  commonly  called  causlic 
snd;i. 

How  ig  lodlnDi  olUiineJ,  nnd  wlin.1  era  its  UH.-s?  What  nro  its 
properties?    What  oxygen  torapounds  does  it  yield? 
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Sydmted  Oxide  of  Sodiim,  JViiO-f  B"0=40, 
or  causlio  soJa,  may  be  made  by  llio  Siime  process  aa 
that  givpn  for  caustic  potaEBa,l)y  using  cnrbonate  of  bo- 
da,  anil,  when  tlie  resi,ilting  cnrbonate  of  lime  lias  set- 
tled, evaporating  the  liquid.  The  best  pTOportiona  are, 
one  pari  of  quick-lime  to  five  of  carbonate  of  Boda  in 
crystals. 

Caustic  Boda  resembles  caustic  potasea  in  most  of  its 
properties.  It  ia  deliqiieseent,  has  a  strong  affinity  for 
carbonic  a<;ld,  ojid  acts  tipon  animal  tissues  as  an  eecha.- 
rotlc.  Its  salts  are  generally  more  soluble  than  tlie  po- 
tassa  ealts,  and  on  this  are  founded  tho  methods  reconi- 
merJ<led  for  distinguishing  tlie  latter  compounds  from 
it.  Moreover,  the  soda  compounds  comniuiiicate  to  the 
flitme  of  alcohol,  or  to  the  blow-pipe  flame,  a  yellow 
color,  apd  give  ia  the  spectroscope  the  yellow  line  Tt. 

Chloride  of  Sodium.  iVaC7=68.5. 

ConimOD  salt  is  obtained  abundaDlly  from  the  si?a,  in 
whicli  it  exists  to  tho  cstent  of  about  four  ounces  in  the 
gallon.  It  ia  also  found  as  lock  salt,  and  in  brine 
Springs.  The  springs  iQ  Onondaga  County,  N"ew  York, 
contain  one  seventh,  and  the  Great  Salt  Lake  one  fiflli 
gf  nearly  pure  salt  in  their  waters. 

Common  salt  is  the  type  of  that  extensive  class  of 
compmmds  which  hnve  derived  the  name  of  salt  bodies 
from  it.  It  crystallizes  in  cubes,  and  when  in  masa  is 
often  perfectly  transparent,  and  permits  the  passage  of 
heat  of  every  temper-itLU-e  through  it  fwely.  It  melte 
into  a  liquid  at  n  red  heat,  and  is  not  more  soluble  in 
hot  than  cold  water.  It  is  extensively  used  in  the  prep- 
aration of  hydrochloric  acid  and  chlorine  ;  initnetise 
quantities,  also,  nre  annually  consumed  iu  the  prepara- 
tion of  carbonate  of  sod,i,  which  is  made  by  firat  acting 
on  common  s.'iU  with  oil  of  vitriol,  go  ns  to  turn  it  into 
sulphate  of  soda,  and,  igniting  this  with  charcoal  and 
carbonate  of  lime,  an  impure  carbonate  of  soda  is  the 
res  nit,  known  under  tho  name  of  black  ash,  or  British 

Horn  is  cniistic  soiln  ninde  ?  Wliat  nrc  ita  properties  am\  nsrs  ? 
WhHt  renrliona  flips  auiliiiin  J'irlil  ?  Wlint  is  Ilie  const ilution  rhf 
common  salt?  Wlienw  is  it  t)blniciecl  ?  What  are  its  jirppcrtEcs  ? 
To  tvhnt  usca  is  It  put  ? 
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barilla.  Common  salt  is  exteosively  used  for  %he  curing 
(if  meat.  It  is  aiso  an  esssntial  article  of  food,  being 
d-ecomposed  in  the  animal  system,  and  furnishing  hydro- 
chloric acid  to  the  gastric  juice,  and  8o4a  to  the  bilo 
and  pancreatic  juice. 

Toe  compouuds  of  sodium  with  ti-omine,  iodine,  sul- 
pliur,  etc.,  ara  not  of  interests 

Salts  of  the  Pkotoxtde  of  Sodium. 

Cni'ionate  of  Soda  ia  sometimes  obtained  by  lixivi- 
ating the  aahea  of  sea-weeds.  Large  quantities  are  now 
procured  from  the  decompoaitioa  of  sulphate  of  soda  by 
sawdust  and  liruG  at  a.  high  temperature,  the  carboiinee- 
oua  matter  decomposing  the  siilphuvic  acid  and  generat- 
ing carboniG  acid,  which  imitce  with  the  soda,  while  iho 
liberated  sulphur  is  partly  diBsipated  and  partly  unites 
with  tJie  calcium.  From  the  resulling  masB,  htaek  ash, 
carbonate  of  soda  is  obtained  by  iixiviation.  The  crys- 
tals, as  found  ia  commerce,  coatain  generally  ten  atoms 
of  water ;  there  are  two  other  varialies,  ihc  oiio  contiiin- 
ing  eight  atoms  and  the  other  one  atom  of  water. 
Large  quantities  of  the  carbonate  of  soda  arc  also  sold 
in  an  uiici'ystallizcd  state  under  the  iiamo  of  ealta  of 
soda.  The  figure  of  the  crystals  of  this  salt  is  a  rhom- 
bic octahedron.  They  effloresce  on  exposure  to  the  air. 
They  are  Bolublg  in  twico  thcir  weight  of  water  at  60*, 
aud  in  less  than  their  own  weight  at  212°. 

bicarbonate  6/ Soda,  or  the  double  Cai  botiate  of  fioda 
au4  water,  ia  formed  by  transmitting  a  stream  of  car- 
bonic add  through  a  Bolulioa  of  the  carbonate,  and  is 
in  the  form  of  a  white  powder.  It  ia  less  soluble  in  wa- 
ter than  the  former,  requiiiug  ten  parts  of  water  at  30°. 
There  ia  a  8e6<|uiGnrbo]iate  which  pasEGS  in  eominerce 
under  the  name  of  Trona. 

Chlorinated  Carbonate  of  Soda,  ov  Labarraque's  dis- 
infecting liquid,  is  produced  by  passing  eliloriue  slowly 
through  a  solution  of  carbonate  of  Boda.  It  is  exten- 
sively used  for  tha  deatructioa  of  noxioua  odors  and  ex- 
halations. 

Sulphate  of  Soda,  or  Glanber's  Salt,  occurs  as  a  naf^ 

Why  ii  it  a  TiDcesBHry  inKredien  1  of  food  'i  From  what  source  iii 
cnrbonaip  of  sods  obtained?  DeEcrilie  its  prejjarattan.'  Hnw  is 
bipiir'bonftte  of  soda  maJo?  What  ia  Labomquc's  solfltion?  What 
W  Glfiulcr'a  salt? 
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ural  product,  and  also  as  the  result  of  the  preparation 
of  hydrochloric  acid.  It  ie  in  priaDnfttic  crystals  of  a 
bitter  taste,  efflorescing  in  tlie  air,  nnd  becoming  anhy- 
drouB.  Water  diasolves  mora  than  tliree  times  its 
weight  of  this  ealt  at  93°,  but  above  that  degree  it  ia 
less  Bolublc.  When  a  solution  of  three  parts  of  this 
Ball  ill  two  parts  of  waler  is  corked  up  in  a  flask  while 
boiling,  it  may  be  cooled  withotit  crystalliKalion  taking 
place;  but  if  the  cork  bo  withdrawn  ^iry stall izalion  at 
once  coTtimonces,  or  if  it  does  not,  tlie  introduction  of 
any  solid  matter  produces  il,  and  the  teiyperaliire  of 
the  solution  at  once  rises. 

2fitrate  of  Soda  is  found  abundantly  in  different  parts 
of  America,  move  partieidarly  in  Peru  and  Chili.  In  the 
soil  it  crystallizes  in  rhomboide.  It  dissolves  in  twice 
its  weight  of  cold  water,  and,  from  it&  deliquescence, 
can  not  be  used  in  the  mannfacturo  of  gunpowder, 

J*/iosphate  of  Soda  (trihasic)  is  formed  by  neutral- 
izing phosphoric  acid  with  tavbonntc  of  soda :  two  of 
the  hydrogen  atoms  are  replaced.  It  crystallizes-  in 
oblique  riioinbic  prisms,  dissolves  in  threo  limes  its 
Weight  of  cold  water,  is  of  an  alkaline  taste,  and  gives 
n  lemon-yellow  precipitate  with  nitrate  of  silver.  By 
the  addition  of  soda  to  it  a  subphosphate  ia  foimed,  in 
which  al!  three  of  the  hydrogen  atoms  of  the  acid  are 
replaced.  By  the  addition  of  phosplioiio  acid  to  the  or- 
dinary phosphate  till  it  ceases  to  fjive  any  precipitate 
with  the  chloride  of  barinna,  the  biphosphatc  of  soda  re- 
KuUe — a  Ealt  very  soluble  in  waler.  Its  crystals  are 
rhombic  prisms.  In  it  only  one  of  the  hydiogeu  atoms 
is  replaced. 

Jflicrocosmio  iSale,  or  the  plios-pbate  of  soda,  ammo- 
nia, and  water,  is  made  by  dissolving  5  parts  of  crystil- 
iized  rhombic  phosphate  of  soda  with  2  of  crystalli^ted 
phosphate  of  ammonia.  At  a  low  heat  it  parts  with  its 
water  of  cryetallization,  and,  the  temperature  rising,  it 
loses  its  ammonia  and  saline  water,  becoming  monohosio 
phoaplate  of  Boda.  It  is  much  used  iin  blowpipe  experi- 
ments. 

What  ore  i[3  pcculinrilies  of  crynnlliKniii.ii  ?  WLj-  cnn  not  llie 
nitrate  bt  used  for  gTinpowdar?  WhiiC  Is  ihc  difference  between  iho 
pliosphBle,  subphosphalc,  and  biphosphato  ?    Wdn-I  ia  microcosmio 
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l*i/rophospkate  of  Soda  (bibaeio)  is  procured  by  lieat- 
ing  the  phosphate.  It  gives  a  white  precipitate  with 
nitrate  of  siU'ev. 

Metaphosphate  of  Soda  (monobasic)  is  formed  by 
lie^ting  microcosmic  salt  to  redness.  It  la  soluble  in 
water,  melts  at  a  rtd  heat,  and  gives,  with  (lil«tc  boIu- 
liona  of  tho  earthy  and  metallic  salts,  viscid  prei^ipitJltes, 

Jiiirorate  of  Soda,  commonly  called  Borax.  It  is  im- 
poi  tcd  in  a  crude  state  from  the  East  Indies,  and  nnanu- 
tactiJi'ed  from  the  navui'al  boracic  acid  of  Italy  by  the 
addition  of  carbonate  of  soda.  It  crystallizt's  in  octit- 
hedrous  or  in  oblique  prisms,  the  former  containing  fivfi, 
the  latter  ten  atoms  of  water,  all  of  which  ia  lost  by  ex- 
posurG  to  a  red  heat,  the  salt  then  fusing  into  a  glass. 
It  is  of  great  use  in  blowpipe  csperiinentB. 

Mypomlphite  of  Soda  i»  manufactured  on  a  large 
scnle  for  photographic  purposps,  because  it  can  easily 
dissolve  every  compound  of  silver  except  the  sulphide, 
iind  that  portion  of  chloride  which  has  been  Oeconipoaed 
by  light.  It  may  be  formed  by  digesting  sulphur  in  hot 
sulphite  of  soda,  or  by  passing  sulphurous  aoid  through 
asohition  of  sulphite  of  eodiuui. 

LrreiuM,  Zi='J, 
was  discovered  in  18lV,  and  may  be  obtained  by  de- 
composing the  chloride  by  an  electric  current.  It  is 
reddish  -white,  softer  than  lead,  and  cati  be  prcBscd  into 
wire.  It  is  the  lightest  known  solid  elcmetit,  tbe  spe- 
cific gravity  being  .694,  so  that  it  floats  on  naphtha;  it 
fnses  at  356°.  Heated  in  air,  it  btirna  with  an  intense 
white  light,  forming  lithia,  O. 

Lithia  has  only  been  found  to  a,ny  extent  in  ccrtaia 
minerals,  Aa  Bpoduniene,  lepidolite,  etc.  It  is  character- 
ized by  the  crimson-red  color  it  imparts  to  floTtie,  and 
by  its  spectral  lines.  It  yields  ft  neries  of  salts,  chloride, 
tiitrate,  sulphate,  phosphate,  carbonate,  etc. 

C-ESICM,  Ct5— 133, 

waa  discovered  by  BuriBen  and  Kirchhoff  in  maliing  a 

Hqw  are  jij-rnpligephate  iinl  inf;taphna]ili(itg  of  soJh  furmpd? 
From  wlint  poiircB  ia  borjix  dTii'ed,  anil  what  are  iia  uses?  Of 
what  use  is  hjposulphitc  uf  soila?  In  vilint  minerals  iloc*  lirliium 
ocijiir,  Einil  wtial  are  ils  properlidS  ?  WJiat  is  tlie  eliiiraeippjsiic  of 
lithium  7 


spectrum,  aoalysia  of  tliB  Dnrckheim  mineral  irater, 
which  contains  about  llireG  grains  of  the  chloride  per 
ton.  Its  name  is  dei'ivcil  ironi  the  two  graviah-btue 
lines  peculiar  to  its  spratrum.  It  decomposes  water, 
CiEsia  forming  and  hydrogen  being  liberated.  The  hy- 
drate of  cEcaia  is  soluble  in  alcoliol,  corrodes  plal.Inum 
1  ilic  iithia,  and  ia  volatile  at  high  temperature.  Among 
thfi  kaovm  sulta  are  the  chloride,  carbonate,  nitrnte,  and 
sulphate. 

Rd-bidium,  ^5— S5, 
ia  named  from  two  intensely  red  lines  whicli  its  spee- 
trnra  has  uenr  the  end  of  the  leas  refrangible  rays.  It 
ia  coniinonly  asHoeiatcd  with  ciesium,  and  is  found  to  a 
slight  estent  {rjyit'.Trvn)  sea-wator.  It  maybe  obtain- 
ed by  electrolyais  froiji  its  chloride.  It  decomposes  wa- 
ter, forming  an  oxidt.  Jib  0,  which  is  a  powerful  base, 
producing  a  series  of  sails.  These  Baits,  as  ■well  as  those 
of  cmsi.i,  resemble  those  of  polassa  closely,  in  giviug, 
with  tartaric  acid  and  chloride  of  platinunn,  precipitates. 

Ba-eiitm.  J?(i  =  GO. 
The  existence  of  barium  ivaa  first  proved  by  Davy 
in  1S08.  He  isolated  it  by  passing  a  Voltaie  ciirretit 
through  mercury  in  contact  with  hydrate  of  baryta  ;  an 
aitialjiam  formed,  from  which  the  mercury  was  eubse- 
qiiemly  distilled,  le-ivingthe  barium  as  a  metal  of  gray 
color  lite  cast  iron,  heavier  than  sulphuric  .icid,  the  spe- 
tific  gravity  being  1.5,  obtaining  oxygen  rapidly  from 
the  air  or  water,  and  giving  rise  to  the  production  of 
baryta,  Ba  O.  Barium  may  also  be  made  by  passing  po- 
lassiuui  iu  vapor  over  led-hot  baryta. 

Pi'otoxide  of  Barium,  BaO^^il, 

may  be  obtained  by  igniting  tho  uitrale  of  bai'jta,  the 
dccomposilioii  being 

Jia  0,  ^O^^SaO  +  JVO^f  0; 
that  13,  one  atom  of  nitrate  of  baryta  yields  one  of  pro- 
toxide of  barium,  ono  of  nitrons  aoid,  and  one  of  oxygen 
ga>^.    It,  is  a  white  substance,  having  a  Ptroiig  aflinity 

Prom  wLiBI.  doca  uiusiura  ■dcpivo  ii?  mmo?  How  i.J  ritlii'liixm  nlv. 
tuineiJ,  and  whv  is  it  so  cnLbd?  Uu>v  (vn>  bArtiiiti  ^fsX  ublniued? 
Wiial  i;  tliB  iiriiceEB  for  obtoiming  the  ]irotoxidc?  What  ore  its 
properties  ? 
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for  water,  with  wliich  it  eshibita  tlie  phenomenon  of 
slaelcing,  as  is  llie  case,  to  a  less  extent,  witli  lime,  heat 
iteing  evolveJ.  It  Iios  nn  acriJ  taste,  is  soluble  in  water, 
-Bill]  abaorba  carbonic  nciti  from  the  air.  Tiie  Bpecitic 
-gravity  is  4.,  being  the  heaviest  of  tlie  earths ;  hence  its 
— ame.    The  solublti  salts  are  poisonous. 

Syilmte  of  Baryta^  BaO^  R0=86, 
■is  forme*!  by  slacking  the  protoxide,  and  is  a  white 
powder,'  very  soluble  in  hot,  but  iesa  so  in  cold  water, 
yielding  ihereforG  crystals — hexagonal  jmsnia,  wheti  a 
hot  solution  coola;  tTicso  contain  ten  equivalents  ot' wa- 
ter. The  cold  BOliition  is  used  as  a  test  for  carbouic 
and  sulphuric  acids,  with  which  it  forms  inaolutle  white 
precipitates. 

The  solution  is  most  easily  obtained  by  calcining-  the 
native  sulphate  with  pulverized  charcoal,  wMch  con- 
■verts  it  into  the  sulphide  of  bariirai.  To  3  boiling  solu- 
tion of  this  body  osulo  of  copper  is  added  till  the  liquid 
Ceases  to  blacken  a  solution  of  acetate  of  lead.  On  be- 
ing filtered,  tho  solution  of  hydrate  cf  barytca  ia  pro- 
cured. 

Peroxide  of  Barium,  BaO^=^Z, 
is  made  hy  igniting  chlorate  of  patassa  with  baryta,  or 
ty  passing  o.vygen  over  baryta  in  a  red  hot  tube.    It  ia 
■used  in  the  prepai-alion  of  the  peroxide  of  liydrogeu 
and  making  of  oxygen. 

Of  the  other  compounda  of  barium,  the  chloride  ia 
much  used  as  a  teat  for  sulphuric  acid.  It  may  La 
made  by  decomposing,  carbonate  of  baryta  by  hydra- 
chloric  acid.  The  sulphide  of  barium  ia  made  by  ignit- 
ing the  sulphate  of  baryta,  heavy  spar,  with  charcoal, 
which  deoxidizes  both  the  sulphuric  ncid  and  the  bary- 
ta. It  dissolves  ill  hot  water,  and  from  this  solntion 
caustic  baryta  may  be  obtained  by  boiling  with  the  ox- 
ide of  lead  or  copper,  and  separating  the  sulphides  of 
those  metaU  byfiltratiou.  By  actirtg  upon  it  with  hy- 
drochloric or  nitric  acid  the  chloride  or  nitrate  may  bo 
prepared. 

How  is  the  hydrnte  firmed?  Hora  tho  peroxide?  Of  what  nsu 
is  iba  chloride?    How  h  ihc  >jii9phido  madcF 
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Carhonute  0/' Saryta  is  found  native  as  the  mineral 
WitfieriU,  mid  niny  be  prepared  by  precipitating  a  sol- 
aUe  aalt  of  baryta  with  aii  alkaline  cavbcnatt-.  It  is 
soluble  in  4300  times  its  weight  of  cold  water  and 
2300  of  boiling,    Ita  density  is  4.3S. 

Sulphate  (i/  Jiarrfta,  found  native  alj«ti(Iantly  as 
heavy  spar,  ond  from  it  most  of  the  conipounda  of  bari- 
um are  prepared.  Its  density  is  4.47.  It  crystallizes 
in  tabulai'  plates,  a.dd  is  ^vholly  infioluble  la  'w&ler. 
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SxRONTniM.  —  Urns  in  Fyrotechny.  —  Salts  of  Protox- 
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—  Tests  for.  —  Haloid  Compounds,  Chloride,  JF'hcor- 
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Sulphate,  Phosphate,  Chloride. — MAONiisniM. — Pro- 
toxide and  Salts  of — ALTJitmrM. — Method  of  obtain- 
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Tu  ALLi  irsr. — I N  Di  Till. 

STBOsmtiu,  iSj-=44,  • 
19  a  fixed  metal  of  a  gray  color, -with  a  reddish  reflec- 
tion, having;  a  specific  gravity  of  2.5.  It  oxidizes  on  ex- 
pOKure  to  iliG  air,  and  deconipoaes  water  without  flame. 
The  metal  ia  obtained  by  electiolysls  from  the  chloride, 
tlio  poles  of  the  battery  beiiit;  of  iron,  lis  natural 
compounds  are  tiiE  sulphate  .ind  carbonate. 

Strontium  yields  a  protoxide,  which  is  the  basis  of  a 
eeries  of  salts  difiering  from  baryta  Baits  in  not  being 
jjoisonouB.  The  liydrated  protoxide  is  formed  by  Black- 
ing llie  protoxide  with  water.  Stronlia  gives  in  the 
spectroscope  eight  characteristic  bands  of  color— six 
red,  one  oratigo,  and  one  blue,  but  bo  green. 

What  are  the  proficrtie"  of  t1ie-  cnrtonata  and  salpliole  of  bnrytaT 
Wliat.  nro  the  propertisg  oriUDDtia?  What  nre  its  troicopia  rc- 
Bctiona  ? 


327 


Salts  op  the  Pkotoxidk  of  STBOimuir. 

Carbonate  of  titronlia,  Iho  strontiaiiite  ol"  mineralo- 
gists, ia  a,  rare  jniiiural  of  a  gi  eeniwh  tint. 

Sulphate  of  Stroritia,  llie  celesiine  of  miueralogiaWf 
13  found  ia  Sicil}',  nnd  is  of  n  blue  tint.  It  i^  not  as 
heavy  as  salpliate  of  bar jt, a,  andia  soluble  id  3G00  parts 
of  writer. 

N'itraie  of  Strontia  forma  an  ingredient  of  tlie  red 
fire  of  theatres,  wliicfa  is  composed  of  forty  parLa  of  it, 
miiled  with  thirteen  of  sulphur,  Syg  of  olilorate  of  po- 
taasa,  and  four  of  Bulpliide  of  antimony.  It  crystallizes 
in  ocitahedra,  soluble  in  (iva  parts  of  cold  water  and 
one  half  ita  weight  of  boiling  waler. 

Calcium,  Ca=20, 
is  obtained  by  electrolysis  from  the  chloride,  and  is  of 
&  yellowish  col»r,  harder  than  1-ead,  malleable,  fusible  at 
a  red  lieat,  burning  with  sciatillations  when  healed  in 
air,  chlorine,  vapor  of  bromine,  iodiue,  or  aiilphur.  Ita 
speclHu  gravity  is  1.57;  it  deuiomnuses  water  without 
ilame,  and  yields  a  protoxide,  quivk-Iime  or  lima. 

Lime  occnrs  as  a  carbonate  ia  the  varions  liniestoncs, 
marbles,  chalks,  etc.,  which  form  in  many  countries  ex- 
tensive mountain  ranges.  Its  other  salts  are  very 
abundant. 

From  the  carbonate,  quick-lime  may  be  obtained  by 
espoaura  to  n  bright  red  heat.  If  the  limestone  eon- 
tains  silica  it  may  bo  overbiimed,  a  silicato  of  liiuo 
forming,  which  prevents  the  liiuo  from  Blacking.  It 
possesses  a  strong  affinity  for  water,  and  unites  tlierc- 
■with  wHh  a  gre.nt  el&vation  of  temperature,  na  eKhibited 
in  the  process  of  slacking,  the  heat  being  fiiifHuient  to 
inli.arae  gunpowder.  Exposed  to  a  high  teni|)eratnrc, 
aa  in  the  lime  light,  it  phosphoresces  splendidly.  The 
liydrato  which  forms  when  lime  is  slacked  is  white;  it 
]a  soluble  to  a  small  extent  in  water,  and  it  ia  remarka- 
ble ttiat  cold  water  dissolves  more  than  hot — one  part 
.i^Uuie  rctjiiiring  1280  of  water  at  212°,  bnt  only  G56  at 
32°.    Lime-wflter  is  colorless,  of  a  partially  caustic 

DcECribe  riic  cnrbonAtc,  enlpliiiti;,  nnd  airrnlc  of  fl.ronlin,  Do- 
■crilie  talciiiiii,  lloiv  does  lime  occur?  Hoif  Ls  rjuick-limo  pra- 
ducad  ?   Wlini  is  tUu  aeiicn  ol'  wdter  on  it  ?    What  is  linio-wslEr  ? 
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Salts  of  the  Protoside  of  Calcium. 

Carbonate  of  Xime  ia  abiindanlly  found  in  imtiire, 
forinitii'  wLolo  ranges  of  mountains.  The  most  valiia- 
ble  wliite  marbles  are  iboae  which  come  from  Paras, 
Penteiiciis,  and  Ciirrarsi.  It  occfira  pure  iu  the  form  of 
Iceland  spar  in  rhoniLoidal  crystnls  poaseBsed  of  double 
refraction.  It  is  dimnrphoua,  and  asaiinies  thc  form  of 
Bix-sidcd  prisma  in  the  mineral  called  Arragoiiite.  It  is 
anhydrous,,  insoluble  in  waler,  but  in  water  charged 
With  carbonic  acid  it  is  soluble,  and  is  deposited  from 
such  a  liquid  on  boiling,  or  by  the  diffusion  of  the  car- 
bonic acid  into  the  air.  The  carbonic  acid  3s  expelled 
from  this  salt  by  a  red  hi;:it  and  thB  action  of  the  oiore 
powerful  acids.  Carbonate  of  lime  may  be  obtjiiiied  in 
union  with  water  by  boiling  hydrate  of  tinne  with  sugar. 

The  formation  of  stahctitcs  and  stalagmites  in  caves 
depends  on  the  solubility  of  carbonate  of  lime  in  car- 
bonic ai^id  wator.  As  the  water  trickles  from  tbt  roof 
the  carbonate  is  partly  deposited  in  the  inverted  cone 
suspended  from  the  roof,  called  the  stalactite,  and  part- 
ly ill  the  cone,  the  stalagmite,  on  the  floor,  as  seen  in 
Mg.  283. 

SS3. 


Sulphate  of  Lime,  or  Gypsum,  occnra  native  both  in 


What  lire  iiio  furnia  of  mrlmnate  of  lime?  Wlicn  tlocK  i' 
3a  water  7   >VliiU  arc  stalagmites  and  stakctitea? 
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SALTS  OF  LIHBh 


crystals  and  in  extenaii'e  crystalline  masses.  It  oou- 
taina  two  filoins  of  wnter,  and  i'ovms  seleuite.  AlaLaa- 
ter  is  Jilso  a  8iilji]ia.ttJ  of  lime.  Aiiliydrile  coniains  no 
water.  On  ealuiuiiig  tlie  hydrous  fiuljjliale  of  Jirue  at  a 
low  rod  lieut  it  bedoraiig  plnster  of  Paris,  ami  ba.s  iLo 
property  of  setting  into  a  hiirU  mass  when  made  into  a 
pastfl  with  water.  It  ia  theu  us«d  for  making  plaster 
uiists  aiid  for  liard-finiBhiiig  walls.  The  enlphate  of 
lime  is  soluble  in  500  parts  of  water,  and  coniumnicatea 
hardiieaa  to  it,  bo  that  it  hecom€8  unfit  tbi'  wasliing  and 
cooking  purposes, 

I'huspftaie  of  Lime^  or  Bone-mrth,  ia  a  tribasio 
phost>liate.  It  is  precipitated  when  tho  ash  of  bonee  ia 
dissolved  in  liydrochlocii;  acid,  and  \he  solalion  ueiilpal- 
ized  by  ammonia.  It  cxista  native  s&  phosphorite  and 
apatite.  Phosphate  of  lime  ia  an  important  coiialitiieut 
of  plants^  and  is  necessary  ia  the  animal  economy  to  re- 
pair the  waste  of  the  boues.  Many  plants,  as  the  tur- 
nip, can  be  grown  of  great  eize  by  manuring  with 
groHiid  bones. 

Chloride  of  Lime,  or  Bleaching  Powder,  is  made  by 
OKpoaing  hydrate  of  lime  to  ulilonne.  It  is  a  white 
powder,  exhaling  an  odor  of  chlorine,  and  is  extensively 
employed  as  a  bleaeiiing  agent,  acidified  water  being 
used  to  libei-atc  the  thloriue.  Chlorimetry  is  the  pro- 
cess for  determining  the  amount  of  chlorine  that  chlor- 
ide of  lime  contains.    It  is  nsualiy  about  30  per  cent. 

M.vo^^!s^u)I,  Mg=\1. 

Magnesium  was  first  obtained  by  Davy  in  1808,  by 
pfissing  the  vapor  of  potassium  over  white-hot  magne- 
sia, but  was  not  accurately  examined  until  IB30,  when 
Euasy  prepared  it  by  heating  anhydrous  chloride  of 
magnesium  with  eodium.  It  nmy  be  procured  by  elec- 
trolyzing  the  fused  chloride  of  magnesium.  It  is  a  eil- 
very-wliite,  ductile,  malleable  metat,  fusible  at  a  red  bent, 
Volatile  at  the  same  temperattire  as  sine,  and  burns  with 
great  brillianey,  evolving  an  intensely  white  light  when 
Deatcd  in  nir.    This  light  has  been  used  for  producliig 

Under  wlint  fu-i-ms  docs  Biil|iliiits  ortlma  occur,  and  what  nra  its 
uses¥  Of  wlint  vnluo  Is  phosplintp  of  lime?  Wlmt  ia  blcai'hing 
pQiviler?  How  is  inn^Ticsiiim  Dlitninoi!?  WhDC  axe  ita  properties? 
What  cire  iu  pccoliaiitiies  of  cvmlJiutio'D? 
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photogvaphs  of  dark  interiora.  It  ia  unchanged  in  dry 
air,  ami  is  only  slowly  oxidized  in  damp  air.  It  doea 
not  decompose  watev,  but  is  rapidly  d isflolved  liy  dilute 
acids.  It  burua  when  hieateJ  in  chlorine,  and  iti  the  va- 
jior  of  bromine,  iodine,  and  siilpliur.  Its  specific  gravi- 
ty is  1.74. 

Protoxide  of  Magnesium.  J/j/0=20. 

Tliis  stibHtance,  called  also  Calcined  Miri/nesia.  or  sim- 
ply Magnesia^  may  be  niado  by  beating  tbe  cavljoiiate 
to  low  redness ;  the  carbonic  acid  ia  driven  off,  and  the 
magnesia  remains  as  a  white  powder,  insoluble  in  venter, 
but  neuti'alizing  acids  completely,  and  tbrming  with  tlietu 
a  complete  seriea  of  suits. 

Magnesia  oecura  very  abundantly  in  nature,  often  ns- 
eociated  as  a  carbonate  with  carbonate  oflioiCj  aa  in  ilo- 
lomitic  limeatone.  It  also  occurs  in  iL-rtile  Boils,  and  is 
essential  to  the  growth  ofcertairi  plants. 

Il  is  well  distinguished  from  all  the  foregoing  alkaline 
earths  by  tbe  relation  of  its  sulphate.  The  sulphateB  of 
"baryta,  etroiitia,  and  lime  form  a  series  of  salts,  the  solu- 
Vlity  of  which  in  water  ia  constantly  increasing; 
these  tho  corre^^ponding  magnesia  salt  may  be  added; 
it  ia  very  soluble. 

Magnesia  ia  precipitated  from  its  siilpbatc  by  the 
caustic  alkalies,  and  by  tbe  carbonates  of  polassn  atid 
Bodn  aa  a  carbonate,  bnt  not  by  tbe  carbonate  of  ammo- 
nia in  tlie  cold.  It  may  be  detected  by  adding  carbon- 
ate of  ammonia  and  phosphatfl  of  soda  in  snceession, 
when  tlie  phosphate  of  magnesia  and  animonia  is  pre- 
cipitated. Healed  beibro  the  blowpipe,  after  having 
been  moistened  witii  nitrate  of  cobalt,  magnesia  bo- 
comes  of  a  pinkish  color. 

Salts  op  the  Pkotokire  of  MAONSsirM. 
Carhonale  of  Magnesia  is  found  native,  and  maybe 

Erepared  by  boiling  ihe  snlpbate  with  an  alkaline  car- 
onnte,  diflheing  the  precipitate  in  water,  and  passing 
a  stream  of  carbonic  acid  through  jt;  by  spontaneous 
evaporation  the  carbonate  of  magnesia  is  deifonited  in 
crystals.  The  carbonate  of  magnesia,  the  mai/nesia  alba 

What  names  are  given  to  Uia  protoxide?  Whst  is  dolomite? 
Hon-  tDB-j  inngneeifi  be  detected?    E-ow  is  its  carlMTiate  prepiiKdT 
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tlie  licat  ia  mairttaineJ,  In  concentrstficl  eoluttona  of 
jioiassa  and  soda  it  is  oxidiKod  and  hydrogen  is  liber- 
ated. The  aclion  is  increased  ivhen  the  alkaline  solu- 
tion is  heated.  It  forms  alloys  with  muny  of  the  other 
nietalsi  but  do-es  not  combino  with  mercury.  It  is  not 
affected  by  sulphur  or  siilphureted  hydrogeu.  The  gen- 
eral oharaetera  of  thia  metal  are  such  as  lo  fit  it  for 
many  useful  purposes,  but  its  high  price  has  hitherto 
limited  thcao  applications. 

^         Sesquioxide  sf  Aluminum.  Al^O^^SS. 

Thia  oxide,  called  also  alumina  and  clay,  occui-s  natu- 
rally under  certain  forms  wliich  are  highly  prized,  as 
the  ruby  and  sapphire.  In  a  more  impure  condition  it 
yielda  the  varioua  coraraou  clays,  which  also  contain  ail- 
ic.i  or  metallic  oxides,  or  other  extrancona  todies. 

Alumina  may  be  prepared  from  tha  Biilptiato  of  alu- 
mina and  potaasa,  common  alum,  by  precipitating  the  sul- 
phurio  acid  by  chloride  of  barium.    The  sulphate  of  ba- 
ryta goes  down,  and  there  is  left  in  the  solution  chlor- 
ide of  potassium  and  chloride  of  aluminum.   Wlicn  llie 
mass  19  dried,  water  is  decomposed;  liyilrochloric  acH 
ia  then  expelled,  and  aUimitia,  mixed  with  the  chloride 
of  potassium,  remains  behind.    The  latter  is  to  be  dis- 
solved away  by  water,  leaving  the  alumina  na  a  whito 
substance,  which,  with  water, Ibrras  aplastic  mass,  cnpa- 
ble  of  being  nionldGd,  and  retaining  its  ebapo  when 
baked.    After  ignition  it  adheres  to  the  tongue,  and 
during  the  act  of  drying  it  contracts  considerably  in 
votuine,  a  proparty  which  formerly  gave  rise  to  the  in- 
dention of  SVedgewood's  pyrometer, 
P  The  presence  of  alumina  gives  to  the  clays  those  prop- 
erties which  lit  them  for  the  purpose  of  the  potter  and 
bricltmaker.    Alumina  is  also  used  as  a  mordant  to  Gx. 
the  colors  of  certain  dyes  upon  cloth. 

Alumina  is  precipitated  from  its  solutions  by  fised  al- 
kalies, which  yield  a  white  hydrate  of  alumina,  soluble 
■0  an  excess  of  the  precipitant.  It  is  also  thrown  down 
by  alkaline  carbonates,  and  when  these  precipitationa 
are  made  in  a  solntion  tinged  with  coloring  matter,  the 

"What  are  tlio  nBCiira.t  rorma  of  ihn  i>xidc?  liow  mnj  Hlnmiim  be 
prepared?  Why  ii  \l  used  in  Wodgcwood'a  iifrcmelcv?  What  ia  i» 
inord.iiit? 
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filumina  carries  it  down  with  it.  Such  colored  preclp- 
iiales  pass  under  ihe  name  of  lakes ;  and  it  is  tliis  prop- 
erty of  attacbing  such  colors  to  itself,  eonbling  it  lo 
cause  their  firm  adUesiou  to  cloth  fibre,  which  ia  the 
cause  of  its  application  as  a  niorclaot. 

Among  tliG  purposes  to  which  alumina  ia  applied  may 
be  mentioned  the  manufacture  of  Porcelaim,  and  the 
different  kinds  of  eartlieu-ware.  The  former  siibstauce, 
first  luado  by  the  ChiucBC,  ia  very  compact  and  translu- 
cent. It  consists  essentially  of  clay  mixed  with  a  fusi- 
ble body  wliidi  hiuda  all  its  parts  together,  and  ia  cov- 
ered with  a  glaze,  which  does  not  terminate  abrnptly 
on  the  surface,  but  pervades  the  substance  of  the  mass. 
In  this  rcapeot  it  difi'era  from  common  earthen-ware. 
Feldspar,  or  the  silicate  of  lime,  are  bodies  suitable  for 
coniniunicating  this  glassy  structure. 

Ill  the  inaiiufaaLurc  of  porcelain  great  care  is  taken  to 
select  clay  free  from  iron.  It  is  raised  witli  powdered 
quartz  and  feldspar,  and  the  requisite  shape  giv«n  it 
eithGr  by  tho  potter's  wheel  or  by  pressing  it  into 
moulds.  It  is  then  dried  in  the  air,  and  more  perfectly 
in  a  fnrnace,  and,  when  ignited,  forma  biscuit.  This  ig 
dipped  ill  the  glaze,  Euspanded  in  water,  and  becomes 
covered  over  with  a  uniform  coat  of  it.  It  now  re- 
mains to  dry  it  once  more,  and  fuse  the  glaze  upon  it. 

Eakthes-wabe  consists  of  a  white  clay  mixed  with 
silica.  It  is  glared  with  a  fiistblo  material  contaiuSng 
oxide  of  lead,  and  colored  of  different  tijita  by  metallio 
oxides;  for  esamplo,  blue  by  cobalt. 

Connected  with  the  manufacture  of  pottery  may  also 
be  mentioned  the  manufacture  of  GlasSi  of  which  there 
are  several  varieties,  some  consisting  of  eilica,  potassa 
or  soda,  and  lime,  others  containing  a  large  quantity  of 
oxide  of  lead,  If  silica  be  heated  with  carhonate  of 
potassa  and  lime,  or  osido  of  lead,  carbonic  acid  is  ex- 
pelled and  glass  forma.  The  mass  is  kept  in  a  fused 
condition  till  it  is  free  from  air  bubbles,  and  is  then 
cooled  nntil  it  becomes  plastic,  bo  that  it  may  Le  blown 
or  moulded. 

Articles  of  glass,  after  they  arc  mannfactiired,  reqnire 

How  may  aluminit  ba  reeognhed?  What  are  lakes?  Wliat  is 
tlie  ooin])aeidon  of  porCGlaiu  Dndenrthen-warcF  Haw  Is  glass  made? 
Why  must  it  be  anaealed? 
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to  be  annealed  or  bIowIj"  cooled  down.  This  aJlows 
tlieir  parts  to  assume  a  regular  slructui-e»  and  prevents 
excessive  IjritUsnesB, 

Soluble  Glass  is  formed  ivlien  silica  is  heated  with 
twice  its  weight  of  curbonate  of  soda  or  potassa.  It 
derives  its  name  from  the  fact  that  it  ia  for  the  most 
part  soluble  m  water. 

Salts  of  the  SEaQuiosiDE  of  Alttmln-usi. 

Sulphatd  of  Alumina  is  made  by  dissolving  atumitin 
in  dilute  tiulpburic  acid.  It  enters  into  the  com  portion 
of  t)ie  alums. 

Sulphate  of  jUamina  and  Fotasaa  {Alurn). — Tliia 
impoi'taat  Eitit  is  prepared  from  alum  elate.  It  crystal- 
lizes lu  Detailed rotis,  has  an  astringent  taste,  reddens  lit- 
mus paper.  It  dissolves  in  about  eighteen  times  its 
M'cighl  of  cokl,  and  less  than  its  own  weiglit  of  boiling 
wmer.  It  coutains  twenty-foitr  atoms  of  water,  and, 
when  exposed  to  beat,  foama  np,  melting  in  its  own 
ter,  which,  being  evaporated  away,  leaves  a  white  po- 
1-0113  mass,  commonly  called  burnt  alum, 

lu  the  same  way  that  tho  Buiphato  of  pcitassa  unites 
with  the  fulpliate  of  alumina,  so  also  do  the  sulphates 
of  ammonia  and  of  soda,  forming  respectively  the  am- 
inoniacal  and  soda  ahims.  The  alumina  in  the  common 
alum  may  be  replaced  also  by  tho  sesquioxides  of  iron, 
manganese,  or  chromium,  giviog  iron,  luauganese,  and 
chrome  alums. 

Glticinum,  0=^. 
Gluciniini  is  obtained  by  decomposing  its  chloride  by 
means  of  sodiiam.  It  is  a  gray  malleable  metal;  specifie 
gravity  2.1.  Its  fusing  point  ia  a  little  below  that  of 
Bilver^  it  is  not  altered  by  eypo&nre  to  air,  and  is  difli- 
cult  of  oxidation,  even  ia  the  flame  of  tho  blowpipe. 

ZiBCOSiuu,  Zr—3i, 
is  procured  oy  acting  on  tho  potaesio-flnoride  of  zirco- 
iiiiioi  by  potassium  at  a  red  heat.    When  cold  the  prod- 
uct is  thrown  into  water,  and  the  zirconium  separates 

Wliat  is  solnble  glnra?  "Wliat  are  the  properiies  of  Eiilphnle  cf 
nluminn  and  pohLsBa?  Wliiit  Other  pLuttig  ai&  th<^rc?  Hu^v  U  girt- 
cinum  msdc?    Hair  h  Eiruaiiiiini  propaircd? 


MDYMIDU. — ^THiiLIUM, — INDIUir.  3BT 

uol  be  Gompletely  waabed  upon  a  filtev  Tvitliout  conyer- 
aion  into  carbonate?. 

DlDYSUOM,  I>i=i», 

accompaniGs  lantliannin  a;id  cerium  in  the  minerals  con- 
taiDing  iho  latter  metal.  TEio  atomic  weights  altaclicti 
to  tbcBc  metals  are  of  doubtful  accuracy. 

Thallium,  TC=203, 
was  iliscovered  hy  CrooTjes  in  ISftl  on  account  of  the 
grccii  line  it  gives  in  the  spectroscope,  whence  its  iianic. 
It  ei:Uts  largely  in  iron  and  copper  pyrites,  and  in  miiny 
minerals,  as  lepidolitc.  It  resembles  cadiDiiini,  being 
white  and  of  a  high  metallic  histre ;  the  specific  gravity 
is  about  11.85.  It  is  one  of  the  softest  of  the  metals,  a 
piece  of  lead  scratcbing  it  readily;  the  melting  point  is 
561° ;  it  "vvekls  at  the  ordinary  temperature.  It  oxid- 
izes quickly  in  the  air;  tloos  not  decompose  water,  bnt 
evolves  hydrogen  from  steam  at  a  red  heat- 

It  forniB  salts  with  acids,  wiiich  are,  for  tlie  most  part, 
colorless  and  poisonous.  The  oxides  are  TfO  and 
TlOj-  In  f  larsh's  apparatus  it  gives  a  stain  resembling 
that  of  arsenic,  but  is  distingnis-hcdfrom  it  by  exposure 
to  iodine,  which  tnrna  it  yellow;  the  yellow  iodide  is 
insoluble  in  aulpbide  of  ammonium. 

I?^iuit,  7>i— 36, 
ivffs  discovered  "by  Reich  and  Richter  in  arsenical  py- 
rites. It  13  a  lead-gray  metal,  ductile,  and  very  soft, 
t^v'mg  n  stroalc  on  paper.  It  is  most  easily  detected 
by  its  spectrum,  which  contains  a  line  of  indigo-bliie 
light,  lis  chloride  is  very  volatile.  Heiited  to  a  bright 
red,  the  metal  itself  volatilizes. 

Wlnore  is  didymiMm  found?  Whal  ara  Iha  circnniEtnnces  of  iho 
discovery  of  tliilliura  ?  Whnt  arc  its  projierlics?  Uoit  is  indiuiu 
delected  ? 
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name  indicating  Ita  color.  It  is  insoinWe  ia  water,  aiid 
when  exposed  to  a  reJ  heat  gives  off  one  fourth  of  ita 
oxygen,  forming  tlie  Besquioxidii,  aa  slated  above,  tke 
action  being 

On  this  fact  is  founded  one  of  the  jjrocesaea  for  obtain- 
ing oxygon  gas.  Heated  with  Lydrochloric  acid,  it 
yields  ehloiine,  as  has  been  explained.  It  waa  former- 
ly called  glass- maker's  soap,  from  the  circumstance  that 
it  removes,  i^-heu  added  to  .melted  glass,  the  etain  of 
protoxide  of  iron,  by  tiirning  it  into  peroxide,  and  causes 
the  glass  to  bcconie  colorless ;  but  if  too  great  a  propor- 
tion of  pdfoxide  of  manganese  be  used,  tho  glass  aaaumes 
an  amethystine  color. 

Peroxide  of  manganese,  when  ignited  with  ca.ustie 
potflBsa  in  a  platinum  cmcible,  yields  n  eubetanee  kno^n 
as  Mineral  Chameleon,  which  is  of  a  green  color.  Wa- 
ter dissolves  from  it  the  Manganate  of  J*otaesa,  which 
is  of  &  beautiful  graas-grccn,  tha  solution  speedily  pass- 
in<r  through  a  variety  of  ahailes  ofpurpio, bine, and  red. 
When  mineral  chameleon  is  dissolved  in  hot  water,  a 
red  solution  ia  obtained  of  the 

Permanganate  of  Potassa.  The  solution  of  tlii?  salt 
is  now  much  employed  in  volumetric  analysis.  It  read- 
ily parts  with  its  oxygen  to  organic  matter  and  deoxi- 
dizing bodies  generally;  it  loses  ita  color,  aud  the  brown 
hydrated  peroxide  of  manganese  is  deposited.  A  stand- 
ard Bolution  is  employed  for  determining  the  amount 
of  organic  matter  in  air  and  water.  It  is  also  nsed  aa  a 
disinfectant.  From  the  permanganate  of  baryta  a  crim- 
Bon  solution  of  Permanganic  Acid  may  be  procured  hy 
itm  aid  of  sulphuric  acid. 

Among  other  compounds  of  manganese,  the  folloiv- 
iDg  may  he  named  ; 

Prolochloride.of  Manganese,  il/aC/  ^  63. S 
I'erchloride  "  "  Mii,Ci,=3(H.5 
Perfluorido     "  "        Mn^F/^-WS  • 

The  protocblorirfe  may  be  made  by  acting  on  the  per- 
oxide with  hydrochloric  acid,  evaporating  to  dryness, 
and  fusing  at  a  red  heat.    On  digesting  with  water,  the 

Of  wbat  USD  is  il?  Wbat  is  mineral  cbomeLean?  WCint  are  ia 
II    propwlies?    Of  what  use  is  perraanganaM  of  fiowsBn?    How  niny 
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IRON. 


proioclilonile  dksolres,  and  any  impurity  of  iron  is  left 
in  ihe  state  of  oxide.  Tlien,  ty  cryatiillizing,  Llie  clilor- 
ide  can  te  obtained  in  piuk  crystals.  Tbe  pereliloridc  is 
produced  when  jiermaiigiinaic  of  potiLssa,  coraiuon  salt, 
and  sulphiiric  acid  are  hc.iLed.  It  is  a  dark  greenish 
and  voliitile  liquid.  Tlie  perfiuoride  is  oblaiued  by  dis- 
lilling  Biiljjlmric  acid,  permanganate  of  potassa,  and  fluoi' 
spar;  it  is  a  greenish-yellow  gas. 

Salts  op  the  Peotoxidu  of  Masganese. 

Protosulphate  of  Manganese,  formed  by  diSBoIviiig 
protoxide  of  iii.inganeBQ  in  Kulphuriu  neid.  The  fis^Qra 
of  ita  crystals  depends  on  the  temperature  at  whiuli  they 
were  formed.  They  iiave  a  rose-colored  liul.  Il  is  in- 
Bolnble  in  alcohol,  very  soliiltl-e  in  water,  and  in  na*;d  by 
the  dyera  to  prodnce  a  line  brown  color. 

Thei'e  is  Imt  one  sulphide  of  manganese.  It  is  ob- 
tained 33  0.  hydrate  when  niantranose  is  precipitated  by 
sul|)htde  of  ainmoniuLu  {^MiiH^IIO).  It  ia  of  a  iltah-red 
color. 

Iron.  Fe=2^. 

Iron  sometimes  occuva  in  a  native  stnta  and  as  me- 
teoric iron,  also  as  oxide,  carbonate,  Bulpliido,  etc.  It  ia 
one  of  tilt'  most  abundant  of  tbe  metals,  JUich  of  wiiali 
is  found  in  commei'ce  is  derlvcfl  from  clay  iron-stone, 
■which  is  an  inipnre  carbonate  containing  silica,  alumina, 
magnesin,  and  other  foreign  Biibstanci?s.  The  native 
peroxide  ofii  on,  rnd  liromntite;  the  hydrjited  peroxide, 
brown  1  nemavite ;  the  black  oxide,  or  magnetic  iron  ore, 
furnish  some  of  the  finer  varielica  of  the  metal. 

T"roni  clai/  h-on-stone  inetallie  iron  is  procured  by  tbe 
action  of  carbonaceous  matter  and  lime  at  a  bigh  leni- 
perainre.  Tlie  ore,  harinfj  been  roasted,  is  thron'ii  inta 
t!ie  fniTjace  with  conl  and  lime.  If  the  iron  !s  -in  the 
oro  as  a  silicate,  the  lime  decomposea  il  at  those  high 
tenjperalnreB,  forming  a  slag  of  silicnte  of  lime,  and  the 
oxide  of  iron  set  free  is  instantly  reduced  by  the  oar- 
bonnceona  matter;  the  metal,  sinlcinEr  down,  protected 
by  the  slag,  is  let  off  by  opening  n  hole  in  tlic  bottom 
of  tile  fnrnaco. 

Wbfti  nrc  llie  properlieB  of  Ihp  (liioridu  ?  Whjil  is  tlie  use  of  tlio 
riratoaulijIiBi^  ?  Wlmi  nve  therorniFi  unJer  which  iron  oecnrs?  How 
ia  it  procnrcd  frgm  clnj  iron-stcnc  t 
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The  quantity  produce'd  in  Great  Bntain  may  bo  eati- 
iu!ited  at  3,000,000  toiia  per  annum. 

The  subsLaiicG  thus  produced  is  not  pure  iroii ;  it  coii- 
t.iina  caibon  and  oilier  inipnritios,  and  passes  under  tLe 
jianie  ofcjiBt  or  pig  iron.  It  ia  purified  by  nielling  and 
Budden  cooling,  which  conveits  it  into^'«e  metal ;  tbia 
iiiie  metal  ia  then  melted  under  exposure  to  air,  wliicli 
burns  off  the  carbou  aa  carbonic  oside,  and  the  mass, 
iv<ym  heiug  perfectly  fluid,  becomes  cohGreiit.  It  is  now 
subjected  to  violent  mechanical  action,  sueb  as  hammer- 
ing or  rolling;  this  forces  out  or  burns  oli'lhe  impuri- 
ties, increases  its  tenacity,  and  it  becomes  the  wrought 
iron  of  coniraerce. 

Cast  Iron  melts  readily  at  a  bright  red  beat,  and  ex- 
pands in  Eolidifying;  ou  this  depends  its  valuable  appli- 
cation for  making  castings,  liept  under  tlie  surface  of 
Bait  water  for  a  length  of  time,  cast  iron  becomes  con- 
verted into  a  body  somewhat  like  plunihogo,  due  prob- 
ably to  the  removal  of  the  iron  as  a  cblovido;  the  car- 
bon wliicb  is  left  behind  is  sometimes  observed,  aa  it 
dries,  to  become  hot — a  phenomenoo  to  be  accounted 
for  by  its  porous  state.  These  facts  have  been  frequent- 
ly verified  in  the  case  of  eaunon  which  bave  Inin  for 
years  at  the  bottom  of  tho  sea.  i;s4. 
Thei'e  are  t^vo  forma  of  cast 
iron,  white  and  gray;  the  for- 
mer contains  about  five  per 
cent,  of  carbon,  the  latter  three 
or  four.  The  structuru  of  cast 
iron  is  crystalline,  as  is  shoivn 

Pure  Iron  may  be  obtained  by  decompoaiiij*  precipi- 
tated peroxide  of  iron  by  hydrogen  gas,  and  melting 
the  result.  The  metal  haa  a  bluish  color,  ia  more  ductile 
than  malleable,  and  is  the  most  tenacsona  of  all  the  ele- 
menls.  It  becomes  very  soft  at  a  red  beat,  and  poBBCBS- 
C3  the  welding  property;  on  this  depends  the  art  of  forg- 
ing ic.  Its  specific  gravity  ia  7.8.  It  ia  one  of  the  few 
magnetic  bodies,  and,  when  soft,  its  magnetism  is  so 
transient  that  it  may  gain  and  lose  that  qu,a]ity  a  tbou- 

Whut  aro  tast  iron  (ntd  fine  metsl?  How  is  wronghi:  iron  mnde? 
What  are  tlic  properties  of  caa;  iron  ?  Wlmtchancii-s  does  it  nndcr- 
fio  in  sea-water?    How  iniij  pure  iron  be  okiiined? 
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assumes  a  passive  or  allolropic  stale.  It  now  exhibits 
no  tendency  to  unite  with  oxygen,  can  not  precipitate 
cop]>er  tVom  its  solutionH,  and  simulates  tlie  properties 
of  platinum  and  gold. 


LECTURE  LXn. 

Iron. — 'Oxides  of. — Three  Oxides  and  Ferric  Add. — 
Teata  for  Iron. — Salts  of  the  Protoxide  and  Perox- 
ide,— The  Sulphides. — Wiokel. — Its  Reduction  from 
the  Oxalate.  —  Coba.lt.  —  Smalt.  —  Zaffre,  —  Sympa- 
thetic Iiik. — Zinc. — Pistillation  of. — A'a/is  of  the  Pro- 
toxide. 

Ikon  and  Oivgbh. 
Ieon  burns  -with  rapidity  in  oxygen  gas,  as  may  be 
PigA^.  proved  by  igiiiti[<g  a  piece  of  it  in  wire  coiled 
into  a  spiral  form  in  a  jar  of  that  ^as,  JPiff.  288, 
when  it  will  be  found  to  take  hre  and  barn 
beautifully.    In  atmogphGiic  air,  under  ffU'om- 
ble  drcnmstances,  the  combustibility  of  iliis 
metal  may  be  proved.    Thus  fine  iron'  filings, 
eprinkled  in  the  flame  of  a  spirit-lamp,  bum 
with  scintillations.    Exposed  to  air  and  moiat- 
iire,  it  slowly  rusts.    Iron  yielda  four  oxides: 

ProwxiUo  FeO  =  3B 

ftlack  Oxide  Ff,0,=lHJ 

I'eroside  FejOj=  80 

Porric  Acid  FeO^  =  52 

Protoxide  of  Iron.  JfeO=S6, 
This  oxide  exists,  united  witli  acids,  in  an  extensive 
scries  of  salts,  from  whicb  it.  is  thrown  down  as  n.  Iiy- 
d rate  by  alkalies,  and  is  then  of  a  white  color,  which 
darkens  as  it  passes  into  the  state  of  peroxide.  Ferro- 
cyanide  of  potassium  gives  a  white  precipitate,  and  the 
foiTidcyanide  a  de^p  bbie.  Sulphide  of  fimmoniiiin  gives 
a  bUuK  sulphide  of  iron,  Sulphureted  liydrogen  and 
gallic  acid  give  no  precipitiite. 

How  miiy  iron  be  rapidly  oxidized?  How  niiiny  oxides  does  il 
;ield?    Wliat  ore  tbe  reactions  of  the  protoxide  ? 
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Mack  Oxicle  of  Iron.    ^"^30,=]  16. 

This  oxide,  known  also  as  the  magnet  or  loadstone, 
is  foULiil  as  a  mineral.  It  is  c&Tnpoiinii  of  the  prntox- 
Ub  and  pcroyid?.  The  ecatea  of  iron  found  iu  black- 
gmiths'  forgea  mainly  consist  of  it.  It  may  also  be  pro- 
duced by  decomposing  the  vapor  of  water  by  raetalJio 
iron  in  a  red-hot  tabe, 

Peroxide  of  Iron,  JJi^O^t^SO, 

is  found  in  nature  aa  oLigist  iron,  or  as  a  hydrate.  It 
niay  be  produced  artificially  ns  a  hydrate  by  precipitn.- 
tioti  from  a  solution  of  persulphate  of  iron  by  a  caustic 
or  carbonated  alkali,  or  in  a  purestate by  igniting  green 
vitriol  \  there  is  then  left,  a  red  powder,  known  as  rouge, 
used  for  polishing  metals.  This  Oxide  is  not  magnetic; 
it  ia  tbe  basis  of  a  series  of  salts,  which  yield,  with  alka- 
lies, a  brown  hydrated  peroxide;  with  ferrocyanide  of 
poinssium, Prassian  blue;  with  sulphocyanide  of  polas- 
BiHiTi,  a  blood-red  sohition ;  with  tannin  and  gallic  acid, 
n  black.  This  last  is  of  considerable  interest,  constitu- 
ting the  basis  of  ordinary  ink. 

The  pveseuco  of  iron  can  always  be  deteraiined  by 
passing  it  into  the  condition  of  peroxide,  and  applying 
the  foregoing  tests. 

Hrric  Acid,  -fl  O3  =  5  2, 

ia  prepared  by  heating-  peroxide  of  iron  with  four  parts 
of  nitrate  of  potassa.  The  result  ia  treated  with  coM 
■water,  whicli  yicleis  a  red  solution  of  the  ferrate  of  po- 
tassa.  Thifl  slowly  decomposes  in  tha  cold,  and  very 
rapidly  when  the  solution  is  warm.  The  ferrate  of  ba- 
ryta precipitates  ivhen  the  potassa  solntlou  is  acted  on 
by  a  soluble  salt  of  baryta.  It  is  a  permanent  body,  of 
a  crimson  color. 

Among  other  compounds  of  iron,  tho  following  may- 
be named : 

Wlint  15  the  mnpnet?  Whnt  are  the  imturul  foiins  of  the  perox- 
ide? Hoiv  maj  it  be  prepared?  For  whal  is  it  used  ?  What  are 
lis  reaciioDs  ?  Hikv  is  ferric  acid  made,  and  nbat  are  ita  propcr- 
liea? 
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ProtocUoriio  of  Iron  FtC/   =  ca.fi 

Perchlorido   Fe^Cl^^lHSJ, 

Fi'uiioJidc  "    ,  /fe/  =101 

Proiosulphiile      '■   FeS    =  4t 

Scsquisiil|Jhide     "   ^'r,S,  =104 

Bisiilpliide  "   feS,  —  00 

OF  these,  the  protocijIoi  iJe  is  formed  hy  jiassing;  hydi'o- 
oliloric  aciii  owy  red-liot  iron:  it  ia  wliiie, but  Ibriiis  a 
green  solution  in  water.  The  peiThloi-ide,  in  Bolutioii, 
hy  illi^solving  pei'o.vlde  of  iron  in  hydrochloric  acid. 
Tlie  proLiodide,  by  boiliug  an  excess  of  iron  lilinga  wiili 
iodine,  nnl  evaporating;  it  forms,  on  cuolinj.',  a  diirli 
p-ay  mass.  Its  soliilion  absorbs  oxygeu  from  the  air. 
The  prot09ulphidc  of  iron,  which  is  tiuich  used  fur  form- 
ing aulptureted  hydrogen,  may  be  rande  by  boating  & 
mass  of  iron  to  ,a  white  lit'Sit,  and  applying  to  it  toll  sul- 
phur, anid  receiving  iho  melted  gloLides  in  a  bucket  of 
water;  it  inay  also  be  procnred  by  igniling  iron  filings 
■with  sulphur.  Tho  bisulphide  occurs  abundantly  as  a 
mineral  of  a  gcHden-yellow  color,  crystallized  in  cubes 
or  allied  forma,  and  known  as  Iron  jPyrites.  It  fre- 
quently assumes  the  form  of  various  organic  remains, 
Leing  one  of  the  comnnon  petrifying  ngents,  but  in  this 
etate  djflevs  essentially  from  the  cubic  pyrites  both  in 
color  and  oxidizability,  these  fossil  remains  rapidly  de- 
caying under  exposure  to  the  air,  but  the  other  form  be- 
ing unacted  on.  Besides  these,  tbcra  is  a  sulphide  of 
iron  wbich  is  magnetic. 

Salts  op  the  PROTOyiDE  op  Iron-. 
Carbonate  of  Iron  may  be  obtained  from  the  sulphate 
by  an  alkaline  carbonate,  fallin*  as  a  wJiitish  precipitate. 
It  turns  brown,  however,  iVoni  the  absorption  of  oxy- 
gen>  It  occurs  as  a  mineral  in  epathic  iron,  and  die- 
solves  iu  water  containing  Carbouio  acid,  forming  ehaly- 
be.ite  waters. 

Protostdphate  of  Iron —  Copptras —  Gre.en  Vitriol — 
ia  prepared  largely  by  the  oxidation  of  iron  pyrileB,  aidJ 
crystallizes  in  oblifiue  prisnja  of  3  grasg-greeii  color.  It 
bos  a  styptio  taste,  dissolves  in  twice  its  weight  of  cold 
and  three  fourths  its  weight  of  boiling  water.    It,  con- 

Nnme  eomo  or  her  compounds  of  iron.  How  may  these  compounds 
he  fonnp^il  ?  What  is  iron  pyritea?  ^Vhal  formfl  dnps  it  prpBcnt  ? 
How  ii  cnrljDtiate  of  iron  roiiaed?    How  is  llie  siilpliftta  madi-? 
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laiua  BevGH  atoms  of  water.  At  a  low  red  he&t  it  be- 
comes aiibydrous.  In  this  state  it  is  uscci  for  tbe  maa- 
ttl'acture  of  the  NordliaiiBcn  su][iliiiric  acid.  It  is  em- 
plpyed  03  a  developer  ui  collodion  photography. 

Salts  op  the  Peroxide  of  Ikott. 

Permlphate  of  Iron  may  be  foi'mcd  by  adding  to  a 
aoluiion  of  ilie  protoeulpliatB  of  irou  half  au  oqnu'alent 
of  siilpli  uric  acid,  and  perosidiaing  by  aiiric  Acid.  V/ilh. 
water  it  forms  a  red  solution. 

The  native  oxides  of  iron  are,  1.  Magnetic  iron  ore; 
2.  Specular  and  mii-aceoua  iroit  ore,  fouDd  of  singular 
beauty  at  Klba ;  3.  Ha3matite,  or  red  ironslone,  compriB- 
ing  sevei-al  hydralcd  vaiietiea ;  4.  Bog  ore,  found  in 
niarsliy  plncea  and  of  recent  origia, 

NiCKEI-     iVl  =  30. 

Nickel  may  be  obtained  by  igniting  its  oxalate  in  a 
covered  cr\iciblei  carbonic  acid  eacapiag,  and  the  melal 
being  reduced. 

A^t  0  +  f 3     . ; .  = . . .  iW  +  2  ("C  0,) ; 
one  atom  of  tlie  oxalnte  of  nickel  yielding  one  of  the 
1uet.1l  and  two  of  carbonic  acid  gas. 

Nickel  ia  a  white  metnl,  ref|Hiriiigaliigh  temperature 
for  fusion.  It  is  magnetic,  and  has  a  specific  gravity  of 
8.5.  An  alloy  of  nickel  acid  iron  forms  a  principal  me- 
tallic ingredient  in  mo(it  aerolites,  and  m  the  masses  of 
native  irou  found  in  various  parts  of  the  %vorid,  the 
nickel  being  from  1.5  to  6.5  per  cent.  "With  copper  it 
forms  a  Jinrd  white  nlloy,  used  for  coinage  in  tho  tjnited 
States,  German  silver  consists  of  copper  8  parts,  nickel 
3  to  4  parts,  zinc  parts.  It  utiiles  with  osygen,  fonii- 
ing  a  protoxide  and  sesqiiiosidc,  the  former  yielding 
Baits  of  a  green  color ;  the  latter  is  an  indifferent  body. 

Salts  op  the  Protoxide  op  Nickel. 
Sulphate  of  JVic/cel  crystallizes  from  its  solutions  with 
BevGti  atoms  of  «'atcr  in  slGndor  green  prisms,  which, 
ivhen  exposed  to  the  aim,  change  into  an  aggregate  of 
octahedrons,  hecnming  oparine. 

Wlint  lirp  iis  iisi^sf  Mow  U  l.lie  jierhiili  iliRlc  oblniiied  i  Wliiit  nre 
tile  nnlive  uxiil™  of  iron  ?  Ilo«r  is  iiirkcl  prepnreil  ?  Wbiit  ure  ils 
properlLea?  When  Uobb  it  occur  wkli  iron?  Whm  change  takei 
ptacB  ill  sulplinte  of  nickel  ia  lunlighi? 
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COBAIT,  Co=SO, 

is  generally  Dssociated  with  iron  and  nickel,  and  with 
them  ocoMt-8  in  meteoric  iroo.  Like  tbe  preceding  met- 
al, it  may  be  obtaiaed  by  igniting  its  oxalate  in  a  cov- 
ered cmcible,  carbonic  Acid  being  disengage-d  and  me- 
tallic cobalt  leH;.  It  is  a  pinkisli-wline  metal,  ve4juinng 
n  ligh  temperature  for  fusion.  Its  specific  gravity  18 
S.9.  It  is  maguetic.  It  fornas  a  protoxide  and  a  eeaqni- 
oxide,  tbe  former  being  the  basis  of  a  class  of  Eults 
which  are  chiefly  of  a  piok  or  blue  color.  SmaH  is  a 
silicate  of  cobalt,  and  Zaffre  an  impure  oxide;  the  for- 
mer is  used  to  communicate  to  paper  a  faint  bine  tinge, 
and  tba  bine  color  which  the  oxide  gives  to  glass  ia 
taken  advantage  of  in  coloring  tbe  common  varieticB  of 
earthen-ware.  Cobalt  ia  easily  detected  upon  this  prin- 
ciple. 

The  chloride  of  cobalt  may  be  made  by  disaolving  the 
oxide  or  the  metal  in  hydrochloric  acid.  It  is  a  pink 
solution,  which  turns  blue  when  dried.  It  forms  a  beau- 
tiful sympathetic  ink,  for  letters  written  with  it,  espe- 
cially on  paper  ivhicb  hns  a  pinkish  tinge,  are  entirely 
invisible,  but  become  of  a  bnght  blue  color  when  the 
paper  is  warmed,  the  letters  again  fading  as  they  be- 
come cool  and  moist. 

Zinc,  Zn=!i2. 
Zinc  IS  a  very  abundant  metal,  immense  quantities  of 
it  occurring  in  the  state  of  New  Jersey  and  in  various 
other  places.    From  zinc  blende,  which  ia  a  sulphide, 
converted  by  roasting  into  an  osiJcj  or  from 
the  carbonate  brought  into  the  same  state  by 
ignition,  the  metal  may  be  obtained  by  the 
process  of  distillation  by  descent.    The  oxide, 
mixed  with  charcoal,  is  introduced  into  a  cru- 
cible which  has  an  iron  tube  paRtting  througli 
a  hole  in  its  bottom,  as  seen  'mFig.  287,  and, 
the  lid  being  luted  on,  the  temperature  is 
raised  to  a  white  heat,  and  the  zinc,  dietilling 
over,  may  he  condensed  in  water. 

How  is  ajlialt  procured?  Wlial  is  smalt f  What  is  laffre? 
What  are  llio  uses  of  cobalt?  W]iW,ia  sympatUBlic  ink?  Uow  is 
line  oblAinefl  ? 
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Zinc  is  a  bluish- white  metal,  ifliicli  hielts  at  about 
770°,  and,  if  exposed  to  a  bright  red  heat  iu  t!io  air, 
takes  tire  and  bitrns  with  a  brilliant  pale-green  flame. 
Its  specific  gravity  is  about  7.  At  common  teruper- 
stiii'tis  it  is  brittle,  but  it  may  be  rolled  into  thin  EheeLa 
at  about  300°,  and  then  retaics  its  malleability  wiien 
cold.  During  its  combustion  th«ro  arises  from  it  a, 
great  quanUty  of  flocculeiit  oxide,  which  formerly  went 
undur  llie  name  of  niJiU  album,  or  philosopher's  wool. 
Among  the  compaunds  of  zioc  may  be  tneulioncd 

Protoxide  of  Zinc  ZnO  ^40 

Chlorido        "  ZnCr=6T.e 

Sul|>hid6        ■I'   ZaS  =*8 

or  these,  the  oxide  is  formed,  as  has  been  said,  dur- 
ing the  combustion  of  zinc.  It  ia  also  precipitated  as  a 
white  hydrate  from  its  aoKihle  salts  by  potassa  or  soda, 
soluble  in  excess  of  the  precipitant.  The  chloride  may 
bo  made  by  the  aclion  of  hydroehloric  acid  on  metallic 
zinc.  It  is  used  in  the  arts  far  soldering  under  the 
name  of  butter  ofaiiic.  Tlie  sulphide  occurs  as  a  min- 
eral under  tlic  name  of  ztnc  blende. 

If  pieces  of  hot  iron  be  dipped  into  melted  zinc,  tbey 
acquire  the  appearance  of  tin  plate,  for  which  they  are 
a  valuable  substitute,  inasmuch  aa  the  zinced  iron  is 
prevented  froni  oxiddtion  and  rnsling  by  the  electrical 
relations  of  the  metals.  This  is  commonly  known  as 
vanized  iron. 

Salts  of  the  PROTOxiDii  of  Zinc. 
Sulphate  of  Zinc — White  'Vitriol. — ^This  salt  is  formed 
in  the  procesB  for  procuiing  hydrogen  gas  by  the  action 
of  di]ute  sutphuric  acid  on  zino.  It  cryatallizca  in  color- 
less prisma  with  seven  atoms  of  water,  and  is  soluble  in 
two  and  n  half  parts  of  cold  water.  It  has  a  styptic 
inslo,  tiud  roddona  vegetable  blues.  Tliero  are  thveo 
diU'crent  Bultsutphates  of  this  oxide. 

tSilicdfe  of  Zlm;  the  electric  calamine  of  mineralo- 
gists, remarkable  for  becoming  electric  when  hGated. 

WhAt  IHTcniHrkiilila  in  ivilllnit  It?  Whnt  is  nlliil  nlbnm?  How 
MO  the  okIiIi,  mid  rhiiirlilo  fi>riiif(l  f  Whnt  is  cnlmniicd  iron? 
lluw  la  wtillt)  \llriul  iiimlii  7    VVJint  li  cluvlvio  cnlnltiiiii;  ? 
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and  Graiii.~-Its  J^-operties. — Protoxide  and  Stannic 
Acid.  —  Chlorkhs  ofTin,—Mosmii  Gold. — Its  (Ties. 
— CmiOMiUM. — Chrome  Iron. — Green  Oxide  undits 
Uses.: — Chromic  Acid.  —  Suits  of  the  Sesquioxide. — 
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Cadmiu  m:.  Cd=5Q. 

This  metal  was  discoverctl  in  1817  by  Stromey^r.  It 
is  oontaineil  in  certain  ores  af  zinc,  and,  being  mare  vol- 
atile tliJiH  zinc,  passG-9  over  willi  tbe  first  portiona  of 
metal,  from  whtcli  it  r»aj  be  separated  by  dissolving  it 
in  dilitte  sulphuric  acid,  mid  passing  sulphide  of  hydro- 
gen tlirough  the  solution;  the  sniphido  of  eadmiiiin 
thus  precipitated  is  tlien  dissolved  in  lij  droclilorio  acid, 
and  precipitated  by  carbonate  of  ammonia.  This  pre- 
cipitate,  aftei'  having  been  ivasbed  and  dried,  is  mixed 
with  charcoal,  and  reduced  in  .111  earthen-ware  relorl; 
the  cadmium  passes  over  at  a  djill  red  heat, 

Cadmium,  in  its  pbysicfll  ppfiperties,  rnucli  resembles 
tin,  biit  it  is  rather  harder  and  more  tenacious;  it 
crackles  when  bent.  Its  specific  gi'avity  is  from  S.fiO  to 
8.C9.    It  fuses  below  the  tempornture  required  by  tin. 

Eromido  mi  ioiilide  o-f  cadmium  aro  of  use  in  pho- 
tography. 

Tijf.  >S'n.=60. 
Tin  liaa  been  known  from  remote  ages,  and  was  ob- 
tained nt  a  very  early  period  from  Spain  and  Eritain 
by  the  Pbo^nicians.  It,  occurs  most  abwiulantly  in  Corn- 
■svnll,th<i  mines  of  "niiicli  afford  about  3000  toua  aiiuu- 
nlly.  It  is  also  found  in  Germany,  Bolienita,  and  Hun- 
gary; in  Chili  and  Mexico,  in  JIalai'ca,  India,  and  the 
island  of  Baiica.    The  native  peroxide  is  the  principal 

IIo\?  does  cadmium  occur  f  Iloiv  is  ic  scjutratcil  F  Wliot  wo  ita 
projiefiira?    Where  is  tin  foiiiiil,  imd  in  what  form  ? 


ore  of  tin.  It  may  be  reduced  by  the  aetioo  of  ebar- 
coal  tit  a  high  temperature. 

Tin  13  a  while  niftiil  like  silver.  lb  oxidizes  iu  tlie 
air  Biiperfiiiially,  the  aiition  ceasing  as  soon  ae  a  tliin 
crust  is  formed.  At  a  rod  heat  it  oxidizes  rapidly,  form- 
ing jff!(«j/;)Owrfc»",  used  for  poiieliiiig;  metals.  It  ia  yery 
malleaijle!,  aod  may  be  rolled  into  tliin  foil.  "When  bent 
backward  and  forward  5t  emils  a  cracliling  Eonnd.  It 
is  very  soft;  ilB  epedfio  gravity  7.2.  It  melts  at  442°, 
and  burns  when  raised  to  a  high  temperature  in  tlio  air. 
Some  of  its  compounds  arc 

ProtosiJc  ofTin  SnO  —  US 

Sesqnioxide    "   .Sn,0,  =  12i 

Pei-osiJo        "   ,  .SiiO,  =  6fi 

Proloclilodde  "   ,  SnCI  =  86.S 

Perclilorido    "  .S'nCTj=13l 

ProtosQljiliidc  "   SnS  =  G6 

Femlplada    "   Sn&\  ^  &3 

The  protoxide  may  be  made  by  precipitation  from 
the  protochloridc  by  carbonate  of  potassa.  It  ia  to  be 
iFflshed  with  warm  -n-ater,  and  its  water  finally  driven 
off  by  a  current  of  carbonic  acid  gas  at  ft  Ted  heat.  It 
}s  of  a  black  color,  is  easily  set  on  fire  jo  atmofipheno 
air,  passing  into  the  condition  of  peroxide.  Its  salts  re- 
duce the  iioblo  metals  to  tho  metallic  stale,  when  added 
to  llieir  solutione,  and  yield  with  the  chloride  of  gold 
(Ae  PurfAe  of  Cassiiis.  The  peroxide,  called  also  stan- 
nic acid,  frona  exhibiting  iveak  acid  properties,  may  bo 
made  by  the  action  of  nitric  ncid  an  tin.  It  is  ft  hydrate 
in  the  form,  of  a  white  powder,  ineoluble  in  acids  and 
T.'atei';  but  if  obtained  by  precipitation  from  percblo- 
ride  of  tiu,  it  ia  eoUible  both  in  acids  and  alkalies. 
Melted  with  glass,  ic  fonua  a  white  enamel. 

The  protochloride  nmy  be  made  by  dissolving  tin  in 
warm  hydrochloric  acid.  The  solution,  when  concen- 
trated, deposits  crystals  of  tliG  hydrated  protochloride, 
Tliese  are  decomposed  when  heated.  Tho  anhydrous 
prolochlorido  may  be  made  by  passing  hydrochloric  acid 
gas  over  metallic  tin  at  a  red  heat.    The  perchloride  is 

StHtR  tho  properties  of  lin.  Wliat  is  tliG  erackling  of  tin  P  Flow 
is  t1iG  ]iruloxiil[i  mnde,  ant]  how  du  ii^  salts  nets'  How  ia  Flnnnic 
acid  [naiie?  What  cffeot  lins  U  in  ^Uss?  IIoi»  is  Ihc  proioelilo- 
ride  made  ? 
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procured  by  diatl!]ing  eigbt  parts  of  tin  viiih  twenty- 
lour  of  corrosive  aiibiimate.  It  ia  a  Bmoking  fluid,  and 
was  tbi'nierly  -cftllcd  iho  Fhininif  I^iijitor  of  Libaviiia. 
A  solulioTi  of  this  Bubatance,  much  used  in  dyeing,  is 
made  by  dissolving  tin  in  nitroiniirialic  ncid,  or  by 
w.iimiiig  n  solutioQ  of  tLo  protocblonde  witii  a  little 
iiitvic  acid. 

Of  the  Bulphides,  the  first  may  be  formed  by  poaring 
melted  tin  on  sulpbur,  and  igniting  the  powdered  result 
with  more  sulphur  in  a  crucible.  It  Is  a  bluiab-gray 
compound.  The  persiilphide  is  obtained  when  two 
parte  of  peroxide  of  tin,  two  of  aulphur,  and  oae  of  sal 
a-nimoniaQ  are  ignited  in  a  retort.  It  is  a  body  of  a 
goldeu-yellow  color,  formerly  called  Aurum  Musimim, 
or  Mosaic  gold,  in  &ma.ll  scales  of  n  greasy  feel,  and  is 
used  for  exciting  electrical  mucbliics,  being  much  more 
energetic  than  the  common  amalgam,  though  less  dura- 
ble iu  its  jiower. 

Tin  fwi-nisbeu  several  vahmble  metallic  combinBtions ; 
Tin  F(<ile  is  sheet  iron  snperficially  alloyed  with  it. 
The  8oft  soldtm  are  alloys  of  lead  and  tin.  i-few/af  is 
an  alloy  witU  antimony. 

Moir6  Metaliique  ifi  tin  plate  which  has  been  super- 
ficially acted  ou  by  an  acid  so  ae  to  display  by  reflected 
light  the  crystatline  texture  of  Lbe  tia. 

CfiKOsiiDir.  Cr~2(i. 
CaHOMTUM  occurs  abundantly  near  Baltimore  as  the 
chromate  of  ii'on  ( Chrome  Iron),  more  rarely  as  tli€  red 
chroniatc  of  lead.  The  metal  may  be  obtamed  by  the 
a(;tion  of  gharcoal  ou  the  oxide  at  a  high  temperature, 
and  is  of  a  yellowisL-whito  color.  It  takes  its  name 
from  its  tendfiOey  to  produce  higbly-colored  compounds. 
It  is  very  infusible,  and  Itas  a  specific  gravity  of  about 
C.   Its  corapomids  to  be  here  d-escribed  aro 

PcMiiiioxiJo  of  Chromium  C'^f^i  —  ^fl 

Cliromic  Acid  CrO^  ^  50 

Sesquic.hioride  of  Chromium  Ci\CI,=i5S.  5 

TKs  sesguioxide  may  be  prepared  by  beating  the 

Wlint  is  the  Liqiinr  of  Libnviua ?  How  is  Mosaic  gold  mndr,  nnd 
whai  is  iu  uml  Whui  is  Moire  Mctnllii]iic?  ^Vtint  natural  farnis 
docJi  chroroium  present?  Whnt  is  tlie  oriflia  of  its  name  ?  How  ia 
the  Eesquiojtide  pre[>are<l? 
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clivomate  of  raercm-y  tfl  redness  in  «  crucible.  The 
mei*cui-y  is  driven  off,  and  ibe  clironiic  ncici  iiartially  de- 
oxidized, leaving  a  beauLilul  grass-green  jDowder,  ibo 
Besqiiioxide.  It  may  iilso  bo  obtained  by  Iieatiiig  ihe 
bicliroenale  of  potaasa  red-iiot,  aud  wasliing  the  residue 
in  water ;  also  as  a  hydrate,  by  boiling  n  sohitioii  of  bi- 
cliromate  of  potassa  wilh  hydroehlovic  acifi,  and  adding 
alcohol ;  the  raixiure  becomes  of  n  green  color,  and  am- 
monia precipitates  thG  hydrated  sesqiiioiide.  it  is  a 
weak  base,  yielding  a  class  of  ealta  of  a  blue  or  green 
color.  In  ibe  state  of  hydrate  it  is  solable  in  acids,  but 
on  making  it  red-hot  it  suddenly  becomes  in  can  da  scent, 

Ertssea  into  another  allolropic  state,  and  ia  now  insoln- 
le.  This  sesqiiioxide  is  isomorpboua  willi  the  sesqin- 
osides  of  iron  and  alumina.  In  its  two  aliotropic  slatea 
it  yields  corresponding  classea  of  salts,  one  of  which  ia 
green  and  the  oUier  reddish-green.  It  is  used  for  coni- 
municaiiiig  a,  green  color  to  porcelain. 

Chromia  Acid  may  be  made  by  adding  one  voluma 
of  a  satiirnted  solution  of  bichromate  of  potassa  lo  one 
and  a  half  of  oil  of  vitriol.  On  cooling,  red  crystals  of 
chi'omiu  acid  are  dcpopitod.  It  ia  Jsomorpboiis  >vitb 
eiilphuric  acid,  produoc'S  with  bases  yellow  nnd  red  salts, 
ia  a  powei-fid  osidian^?  agent,  is  decomposed  by  a  red 
heat  into  the  Bcatjnioxide,  destroys  ihe  color  of  iiidi^o 
and  other  dyes,  and  may  be  detected  by  producing,  witli 
the  salts  of  lead,  chroLiio  yellow,  flhd  by  its  ready  pas- 
sage, under  the  influence  of  deoxidizing  agents,  into  the 
sesqiii  oxide. 

The  sesquichlorido  is  procured  wlien  chlorine  ia  pass- 
ed over  a  mixture  of  the  scsqiiioxide  and  cha.rcoal  in  a 
red-hot  tube  It  is  a  lilac-colored  body,  ii-hich  forms  a 
green  solution  in  water.  There  is  also  an  oxychSoride, 
which  may  be  distilled  as  a  deep  red  liquid  frum  a  mix- 
ture of  chromaie  of  potassa,  common  salt,  nnd  oil  of  vit- 
riol, Tlie  tinorido,  which  is  a  red  gas,  ia  obtained  by 
distilling  in  n  silver  retort  a  niixtuie  of  chromate  of 
load,  fluor  spar,  and  oil  of  vitriol.  It  is  decomposed  by 
the  moiatwre  of  the  air,  forming  chromic  and  hydrofluor- 
ic acids. 

What  is  iig  USD?  How  ia  chromic  Bcld  made?  Wlmi  is  its  cflFoet 
on  mdigo  and  dyea?    How  ore  tlwt  chloride  and  fluoride  nbinined? 
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SaiTS  of  the  SEBQuifiiSIbB  Off  CHKOsHDSf. 

Sulphate  of  Cfiromimnand .Potassn  {Chrome  Abimy 
When  tlie  oxide  of  chromiiiin  is  dissolved  in  sidpliuno 
acid  and  mixed  with  tlie  sulphate  of  polnssa  and  a  little 
fi-ee  sulphuric  acid,  ci-ystals  of  chrome  alum  are  deposit- 
ud  in  red  or  blue  octalied  rons. 

Chrome  Iron,  acompoiind  of  the  eesquioxide  of  chro- 
mium and  the  protoxide  of  irou,  ia  found  native,  crystal- 
lized in  octahedrons,  and  also  massive.  It  ftimisfaefi 
most  of  the  coiupouods  of  chromium. 

Salts  op  Cbeomic-  Acid. 

Ghronmte  of  Poiassa  may  be  iiiode  by  igniting 
clirotne  iron  ivith  one  fifth  its  weight  of  nitrate  of  po- 
tasaa.  It  crystallizes  in  small  lenioii-yelloiv  prisms,  and 
is  very  soluble  iu  hot  water.  The  crystals  are  anhy- 
drons. 

JHchromoie  of  Poiassa  may  be  prepared  from  the 
former  by  adding  an  equivalent  of  nceiic  ncid.  It  crys- 
tallizes in  prisma  of  a  ruby  red.  Large  guantities  are 
consumed  by  dyers. 

Chromate  of  Lead  ( Chrome  TeSotc),  obtained  by  pre- 
cipitation from  cither  of  the  foregoing  salts  by  a  soln- 
ble  salt  of  lend.    It  ia  nsed  as  a  paint. 

DiehvomaU  of  Lead  is  foi'mcd  by  aJding  ehromnto 
of  lead  to  melted  nitrate  of  potassa,  and  dissolving  out 
the  chromate  of  potassa  ana  c-vcesa  of  nitre  by  water, 
It  is  of  n  beautiful  red  cfjior. 

Vaxadiuji,  T''=0B, 

oceura  in  certain  lead  ores,  and  may  be  obtained  by  do- 
coruposlng  the  chloride  by  a  current  of  dry  auimonia  iu 
a  glass  tube  heated  over  a  spirit-lamp.  It  has  a  silvery 
lustre,  is  brittle,  and  not  acted  npon  by  air  of  water  at 
common  temperatures.  At  a  dull  red  heat  it  burns  into 
a  black  oxide.  It  is  not  dissolved  by  sulphiiric  or  Jiy- 
drocliloric  .^cid!=,  bnt  nitric  acid  and  nitro-hydrochlonc 
acid  yield  with  it  durk  bine  solationa.  It  has  tln-ee 
oxides,  VO,  VO^,  VO3. 

Wliftt  is  clirome  alum?  Whnt  is  ehrnnia  iion?  How  are  tlia 
cliromtttes  of  poiassa  mitdo  ?  What  is  chrome  yellow?  How  i» 
vauadium  prepared,  mid  nhut  nro  Ita  pTa\«v\W? 


TirSG3r£X,  ETC 


TCSGSTEX,  'W=  92, 

13  obtained  l>y  passing  hydrogen  over  ignited  toDgstic 
acid  mixed  ■witii  icliaTcoal.  It  is  very  difficult  effusion, 
Lard,  brittle,  and  of  an  irOn-gray  colcr.  Its  specific 
gravity  is  17.&-  It  is  oiidized  by  the  action  of  heat  and 
air,  and  by  nitric  acid.  It  communicates  valuable  prop- 
erties to  eteel.  Tangsten  is  also  called  Wolfram i una, 
from  Wolfram,  wliich  is  a  mngatate  of  iron  ami  man- 
ganese 

COLUSIBIUM,  7!z  =  184, 

called  also  Tantaloni,  was  discovered  in  a  North  Amer- 
ican mineral, Co^i/»jfiii«,iu  1801.  Itia  obtained  by  heat- 
ing potassium  with  the  potassio-dxtoride  of  columbinn], 
and  washing  the  mass  in  water.  It  remains  in  the  form 
of  a  black  powder,  which,  on  pressure,  rcsemhlea  iron, 

Nl  O  BI UM — iLMEinCil — NORI U  M — pELOPl  ITai — DlANntTSr, 

Among  these  raro  metals,  the  two  first  mentioned 
have  been  announced  as  associated  witli  colutnbium  in 
Borae  varieties  of  tantalite,  but  their  distinctive  charac- 
ters have  been,  aa  yet,  very  imperfeetly  as<!ertained. 
Niobium  is  considered  by  some  chemists  to  be  colnm- 
biiim,  while  the  metal  pelopium  has  no  independent  ex- 
istence, the  pelopio  and  niobic  aeids  being  identicaJ. 
Another  metal  of  this  aeries  is  called  Diaciiim,  bat  Da- 
ville  states  that  dianic.  acid  is  hyponiobic  acid. 

MOLTEDENTJU,  Mo  =  H^, 

is  a  whitEBh,  brittle,  and  v«ry  difficultly  fusible  metal, 
forming  three  compounds  with  oxygen.  Mo  0,  Mo  O^, 
Mo  O3.  A  salt  of  the  last,  the  molybdate  of  ammonia, 
is  naeful  as  a  test  for  phosphoric  acid. 

UKASitrif,  F— 00, 
is  a  white,  slightly  malleable  metal,  unchang'ed  by  air 
and  water  at  common  temperatures.    Its  peroxide?, 
(7a  O3,  ia  used  to  give  a_  greenish-yellow  color  to  glass. 
The  nitrate  of  nraninm  is  of  use  in  photograph)'. 

How  is  lanpsien  prepnreci,  nnd  wlint  nre  its  jiroperlics?  How  ja 
columbium  prepared  ?  WIibi  reraarkH  arc  lo  bo  made  nlioni  tlie  rare 
nietalii  nioiiiuni.  cic.  ?  Of  whai  mluc  is  mohbdenura  ?  What  are 
tile  propcnles  of  Qmniiim  ? 
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esis-tB  ns  titanic  acid,  ZSO„,  in  Rutilite,  Aniitaae,  and 
Oysauite.  Titanic  add  is  useful  in  the  coloring  of  the 
giima  of  artificial  teeth  and  in  porcalain  painting. 


LECTURE  LXIV. 

Aesenic. — Preparation  of  the  3Tetal. —  Properties  of 
ArseniovB  Acid. — !Fwo  T'arieties  of  ii, —  The  meth- 
ods of  detecting  it. — Process  in  Cases  of  Poisoiwi-r/. 
— Sulphnrefed  Mydrogen  Test. — JUars/i's  Test.-~-The 
Copper  Test. — 2)^fficitlties  arising  Jroni  Antimo7iy. 

AasBNio.  As^'tb. 
AasEmc  is  ohtainetl  by  eublimation  in  a  current  of 
air  of  the  arsenide  of  cohalt  and  iron,  tlio  vapor  condena- 
ing  ag  a  wliite  oxide.  This  being  mixed  with  powder- 
ed charcoal  or  black  flux,  and  heated,  the  metallic  arse- 
nic sublimes.  The  process  maj  be  condncted  inj¥u.383, 
a  tall  vial,  Fig.  2B8,  imbedded  in  a  crucible  filled 
with  sand,  two  thirds  of  the  vial  projeclJng  above 
the  heated  sand.  On  this  cooler  portion  the  met- 
al condenses.  It  is  also  eometimes  found  in  a  na- 
tive state. 

Arsenic  is  a  ractallic  body,  of  a  stoel-gray  color.  It  is 
very  brittle  ;  its  silecific  gravity  ia  5.83,  anJ,  when  slow- 
ly sublimed,  it  crystalhzes  ici  rliombohedrons.  At  400" 
it  sublimes,  without  undergoing  fusion,  its  melting  point 
being  much  liiglier  than  that  of  &iibiimation.  Its  vapof 
has  a  smell  of  garlic,  as  may  be  readily  recognized  by 
throwing  a  little  arsenious  acid  on  a  red-liot  coal.  Ar- 
senic prepared  by  black  ilux  tarnishes,  it  is  said,  from 
containing  a  little  potassium.  Among  its  oonipouDda 
the  following  may  be  mentioned: 


Ar^nious  Aciil..,,  ...,.AsO,= 

Arsenic  Acid.,  ^  ^sO,  =  ll5 

Bi6iil|iliii]f.'-  of  Arsenic.  AiiS,=\01 

Tei-Riilphidc  of  Arsenic.  As,%  =  \'>Z 

Arseniurele J  Hydrogen  AaH,=  T8 


How  does  tifnninirt  tsiBt?  How  t«  metsllic  nPsenifi  oblaifled? 
What  Hro  its  properties?    What  b  ila  odor? 


Arseiiio^is  Ackl  is  fomied  wlien  arseuic  ia  sublimed  in 
atfflospliorie  air.  It  \s  a  white  suLsl,inc<?,  wliicb,  when 
t!ie  process  is  co-nducied  slowly,  crvslaliizes  in  octahe- 
di  ona.  Similar  otlaliedral  crysialR  may  be  obtained  by 
lieating  arseiiiouB  acid  itself  in  !i  tube  to  380"^.  When 
ibe  opcviiLion  lias  been  loceiuly  jierf'ovmed  and  a  larffe 
mass  sublimed,  it  is  a  glassj',  transparent  body,  which  in 
the  course  of  time  slowly  becomes  milk-white.  The  spe- 
cific gravity  of  arsenioiis  acid  is  It  is  nearly  taste- 
less, of  sparing  solubility  in  water,  tlie  two  varieties  dif- 
fering ill  this  respect.  By  100  parts  of  boiling  water, 
11.5  of  the  opa<[iie,  but  only  9.V  of  llie  transparent,  arc 
dissolved.  This  substance  passes  currently  under  llie 
name  of  arsenic.  It  ought  not  to  be  forgotten  that  the 
arsenic  of  chenilc.il  wrilcrs  and  tbat  of  coinrnerce  arc 
very  different  bodies;  tlio  one  is  black  and  the  other 
while;  the  one  ia  a  tnetal  and  the  other  its  oxide. 

Avsenious  add  may  be  detected  by  several  methods: 

iBt.  With  ammonia  sulphate  of  copper  it  gives  an 
emerald-green  precipitate — tbo  araeiiite  of  copper,  or 
Bchcelu's  green. 

2(t.  With  lliG  ammonia  nitrate  of  Bilver,  a  eanary-yel- 
low  precipitate— the  arscnite  of  silver. 

3d.  With  siilphuretcd  hydrogen,  when  previously 
acidulated  with  ncetie  or  bydrochloric  acid,  it  yit^Ids  a 
yellow  precipitate,  the  tersnlphide  of  arsenic,  oipinietit. 
Tliis,  when  dried  and  ignited  with  black  flux  (a  mixture 
of  charco.il  and  civbdnato  of  pfitassa,  obtained  by  ignit- 
ing crtMni  of  tartar  in  n  covered  crucibie),  yields  4  buL- 
limale  of  metallic  arsenic. 

4lh.  With  tho  ru.itcriala  for  generating  hydrogen  gas — 
that  is,  Bulphurio  acid,  zinc,  and  water,  placed  ia  a  bat- 
tle— if  aracnioiia  acid  be  present,  arseninreted  hj'drogen 
is  disengaged.  When  set  on  lire,  it  hnrns  with  a  palo 
bhie  tJnme,  emitting  a  white  smoke;  and  if  a  piece  of 
cold  glass  bo  held  in  the  flame,  there  is  deposited  upon 
it  a  black  spot  of  arsenic,  surrounded  hy  a  white  border 

noivis  arsenioiiBaciilinade?  Whnt  iu iis  erjsTn,lline fonn ?  What 
\i  tim  ililTerenee  botwcen  the  arsenic  of  cliPiniita  md  thut  of  roin- 
fnerce?  -  l^Tint  is  the  flCtirtTl  nf  in'Rpnioiis  ucid  on  itimntmin.  siilplinlQ 
Dfc:of))jtT?  Willi  nmtnonin  niti'ale  offiilver  ?  WilH  suljih  ureled  hj-. 
dro^un;  Wlmt  U  llie  process  for  datcctillg  it  nrseiiiureled  hy- 
d  rogrn? 


TESTS  FOR  AKSEXIC. 
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of  nreenimis  add.  This  stain  is  voiUdheH  on  healiii!^ 
th«  gliiss.  Oi-  if  the  ai-scniureted  liydrogea  be  coiiciiiL-t- 
ed  througii  !i  tube  of  Bohemian  glasa,  made  rtd-liot  ab 
one  point  by  a  Gpirit-lnmp,  it  is  decomposed,  mid  nictnl- 
lia  arsenio  deposited  on  the  cooler  portions  beyond  tlie 
ignited  spact!, 

5tii.  If  a  Boliuion  containing  araenioua  acid  be  neidit- 
lated  ivith  hydrochloric  acid  and  boiled  ivilh  slips  of 
coppec,  lliQ  metallic  arsenic  is  deposited  upon  tlic  cop- 
per  na  fin  ii'on-gray  Cl'tESt.    Tliia  ia  called  Ilcinsch'a  test. 

Ill  Cases  of  poisoning  by  ibia  Bubataiice,  it  is  unsatiB- 
I'uclory  to  apply,  in  the  first  instance,  color-giving  tests, 
sucb  as  Uie  Hrst,  second,  and  lliird,  as  tlie  llqitor  obtain- 
ed (roni  the  stomauh  is  itself  Ligbly  colored  and  turbid. 
It  is  thbi'efoTe  desirable  to  examine  tb.it  orgM  and  its 
contents  minutely,  endeavoring  to  discover  any  ivhite 
granules,  or  specks,  which  may  be  supposed  to  Ito  arae- 
iiioiis  acid,  and,  if  such  are  found,  to  oxaniine  them  sep- 
arntely. 

The  coutents  of  Lbe  etomach,  tbc  larger  pieces  hnving 
been  diviJed,  are  to  bo  boiled  in  ivatcr  and  strained 
through  a  linen  cloth.  A  cniTCiit  of  chlorine  gas  pass- 
ed thfougli  thia  hqiiid  coagulates  and  separates  much  of 
the  (inimfll  matter;  or,  what  ia  more  eonveuient,  if  the 
Boliition  be  Brat  acidnlatcd  with  nitric  acid,  and  then  ni- 
trate of  silver  be  added,  much  of  the  animal  matter  may 
be  reinoveQ.  By  the  addition  of  a  solution  of  common 
Bait,  the  extfesa  of  the  silver  salt  may  be  precipitated, 
and  tho  liquor,  being  filtered,  ia  then  fit  for  ibo  third  or 
fourth  of  the  foi-dgoing  teats. 

In  the  sppiication  of  sulphureted  hydrogen,  the  liquor 
having  been  claiilied  ns  just  stated,  the  gaa  is  passed 
through  it  until  it  smells  strongly.  It  is  then  to  bo 
boiled  for  a  aiiort  time,  to  oxpel  tha  exccsa  of  gas,  and 
filtered.  The  yellow  precipitate  of  terfitilphidc  of  arse- 
nic, or  orpinient,  which  is  collected,  is  to  rrj.  iso. 
be  tiioroughly  dried,  nnd  introduced,  with 
twice  its  bulk  of  black  flux,  into  the  bnlb, 
o,  of  a  tube,  such  as  J"?^.  28&,  made  of 
hard  glass.    On  tho  temperature  being 

Whfll  in  Rciasch's  lest?  When  avo  co-lortfeta  npplicnl>le  f  Whnt 
is  the  mcllmd  of  leMing  a  slotnnch  ?  Describe  tlic  sulphnrcteil  liv- 
droBcn  test. 


3IAHSH  S  TEST. 


raised  by  olamp,  metallic  arsenic  sublimes,  fovming  an 
iron-blaok  ring  round  tha  part  b,  liy  cutting  off  the 
bulb  of  cliQ  tube  and  hualiiig  ibe  black  eviist  gradually, 
it  slowly  sublimes  toward  tlic  colder  piirt,  producing  a 
white  depoEit  of  arsciiious  acid  in  octaliedi-id  crystals. 
In  the  application  af  Marsti's  test,  the  liquor,  having 
Fiij.m.  been  cleared  either  by  chlorine  or  by  ni- 
trate of  silver,  as  above  described,  and 
tniKcd  with  a  little  sulphuric  acid,  ia  to  be 
introdiieod  into  tin  apparatus,  A  J},  Fig, 
290,  composed  of  a  btut  glass  tube,  one 
arm  of  which,  B,  is  longer  than  the  other. 
A  piece  of  zinc  is  suspended  by  a  thread 
in  the  arni  A,  so  that  it  shall  not  reach  tho 
curved  part.  Tho  liquid,  on  beings  poured 
into  B  ■while  the  stopcock  above  A  ia  open, 
at  first  fills  A,  but,  as  liydrogen  comineiices 
at  once  to  form,  as  soon  as  the  stopcock  ia 
closed  it  will  accumulate.  If  the  stopcock 
bo  opened  and  alight  npplicd  to  the  jet,  the  issuing  gas 
will  take  fire,  and,  on  holding  a  piece  of  white  porcelain 
in  the  flame,  the  arsenic  wilt  accumulate  on  it  as  a  me- 
tflllic  ring;  or  the  jet  may  he  replaced  by  a  bent  tube 
of  hard  glass,  which  ia  to  be  kept  heated  at  one  poiat 
for  a  len_i;th  of  time.  The  arsenic  will  be  detected  as  a 
black  deposit,  though  it  exist  to  an  extremely  minute 
extent. 

If  the  liquor,  notwithstanding  llia  care  taken  to  clear 
it,  froths  when  the  hydrogen  is  disengaged,  bo  as  to  in- 
terfere with  the  results  by  choking  the  tube,  the  gas  ia 
best  collided  under  a  j.ar  .at  the  pneumatic  trough,  and 
may  be  snbaequenlly  examined. 

The  fifth  te.st,  by  copper,  may  be  sometiraea  advao- 
tag^ously  applied  to  collect  the  arsenic  from  sohitions ; 
the  crust  upon  the  copper  may  be  subsequently  exam- 
ined, either  by  snblimation  or  otherwise. 

It  is  to  be  remembcrGd  that  antimony  -will  yield  re- 
snlts  closely  resembling  thqse  qf  arsenic  by  Marsh's 
test;  but  on  heating  the  glass  plate  on  which  the  stain 

Describe  Mavsli's  te<!t.    IIow  nuij-  minute  <iuflnnti£ia  bo  detected 

by  this  lest?  When  tlic  liqnor  froths,  n-hat  h»s  ta  be  doild  ?  When 
is  ilie  copper  lesit  aJvEintJiRcdiislj- sppli<H]  ?  What  motsl  ncta  like 
arsenic?    llow  is  it  disiinsuisbed  ? 


absbnious  acid. 


las  been  deposited,  if  it  be  araenic  it  wiil  totally  volii- 
tilize  away;  but  if  antimony,  il  wilt  not  disatipear,  but 
only  give  rise  to  a  yellow  oxide.  The  antitiiony  slain 
is  readily  soluble  in  hydro  sulphate  of  ammonia,  ite  ar- 
Benic  Etiiilt  with  diflicitlty.  On  cvapomlin ij,  the  8«1- 
pliido  of  at'seuic  is  found  to  be  soluble  in  ninmoDia,  tho 
sulphide  of  antimony  iu  hydrocliloric  acid. 

In  medico-lega.1  investigations,  it  filiould  also  be  re- 
membered that,  as  Bulphui'iu  acid  and  zinc  of  cammerce 
contain  arsenic,  it  is  absoUitely  necessary  that  the  speei- 
luens  about  to  be  used  be  critically  examined  themselves 
by  being  tried  aloQQ  before  the  eufpected  eolution  is 
added. 


LECTUTRE  LXV. 

ARaENic, —  Antiseptic  QualUi/  of  Arsetiioug  Acid. — 
Antidote  for  Poisoning. — ArseTtic  Acid. —  Isomor- 
phous  with  JPhospkoriB  Acid. — Jtcalgar  and  Orpi- 
ment. —  Arseniureted  SydTogen. — Antimony. — Jfe- 
duction  of. —  Or-ides,  Chlorides,  ami  Sulphides  of. — 
Antimomvreted  Jlydrogen. — Deteetion  of  Aniimonij. 
— Telluridm. — CoPPBK. — Reduction  of. —  TTse  of'Ox- 
ide.'— Detection  of. — Salts  of  Protoxide. 

AiiBBSiooa  Acid  posseeees  a  reinarkabla  antiseptic 
quality,  and  hence  often  preserves  the  bodies  of  persona 
ivho  have  been  poisoned  by  it.  Advantage  is  also  taken 
of  this  fact  by  the  oollcctors  of  objects  oCnamral  histo- 
ry in  preserving  iheir  Bpecimens. 

The  antidote  for  poisoning  by  arsenic  is  the  liydraled 
sesqiiioxido  of  iron.  It  may  ba  made  by  adding  car- 
bonate of  soda  to  the  chloride  of  iron.  It  should  ho 
given  in  the  moiat  slate,  mixed  -with  water.  After  be- 
mg  once  dried  it  loses  much  of  its  power.  It  produces 
an  inert  basic  arsenito  of  the  peroitide  of  iron. 

Arsenic  Acid\&  found  in  nature  iu  union  with  various 
bases.  It  may  be  made  by  acting  on  arscnious  acid  with 
nitric  acid,  with  the  addition  of  a  little  h  y  J  I'o  chloric  acid, 
and  evaporating  till  the  nitno  acid  is  expelled.  The  re- 
Why  must  the  sulphnric  add  and  line  be  CKQinitied ?  Of  what 
use  is  the  nntiaeplio  qimlilj  of  Brsonic?  What  the  antidote  for 
Arsenic  7    Eon  is  il  prepAreil  ?   Haw  is  niBeaic  acid  prepuGd  f 
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TeroMdB  of  Antimoii)"  

Antimotiiofls  AciJ  

Antimonic  AciJ  

Tercblorida  of  Antimonj 
I'errfiloit-dc.  " 
Tersulpliida  " 

Oxysiilphide  " 


SbO,  =153 
.£l.0^  =161 
.Sl-0,  =169 

,jS&5,  =177 
.S&Si  =209 
.2Sb,S,+SbO,^5Ql 


The  Teroxiih  of  Antimony  may  be  made  by  adding 
to  an  aekl  boiling  solution  oi' chloride  of  anlimony  car- 
bouate  of  soda.  It  is  a  gray  powder,  and  is  the  base 
of  a  class  of  salts,  among  which  tartar  emetic  niiiy  bo 
mentioned.  These  salts  give  an  orange-eoloi-cd  procip- 
Itale  with  siilpburcled  Iiydrogen, 

Antimoniom  Acid  IS  produced  by  heating  tlie  oxide 
of  antimony,  ov  anlimoiiic  a»:id.  It  is  .i  white  powder, 
and  unites  \vlth  bases,  forming  autimonitcs. 

Antimonic  Add  may  bo  prepared  by  acting  on  me- 
tallic antimony  with  iiitile  acid- 

Tercldorlde  of  A^itlmony  is  mailc  by  dissolving  one 
part  of  Bulpliida  of  antimony  in  five  of  bydcotblorio 
acid,  and  distilling.  As  Soon  fls  tTifi  matter  which  psas- 
63  over  becomes  solid,  the  receiver  ia  to  be  clianged, 
and,  continuing  the  hoat,  the  terchlori(5e  is  collected. 
It  was  formerly  known  as  Butter  of  Antimony.  The 
perchloride  may  be  made  by  burning  antimony  in  clilo- 
rine  gas.  The  oxychloi'ide  i&  produced  when  the  ter- 
chloride  is  placed  in  contact  with  water.  It  waa  for- 
merly known  as  Powder  of  Algaroth. 

The  tersulphide  occnrs  abundsinlly  aa  a  mineral,  as 
has  been  said.  It  is  also  formed  by  the  action  of  siii- 
phureted  hydrogen  on  the  sails  of  the  oxide  of  anti- 
mony. In  this  case  it  is  of  an  orange  color,  in  tho  for- 
mer it  hafi  a  metallic  aspect.  The  ^^erstiljfhide  is  pro- 
cured when  the  tersnlphide  and  sulphur  are  boiled  in  a 
solution  of  poiassa,  the  liquur  filtered,  and  an  acid  add- 
ed, a  yellow  precipitate  ^'^'''S  down.  It  was  Itnown 
formerly  as  the  Golden  iiulphuret  of  Antimony.  The 
oxyaulphide  occurs  native  as  the  fed  ore  of  antimony, 
and  may  also  be  toade  by  boiling  the  tersulphide  with 

Whni  color  doea  Beaqiiioxidc  <if  untimonj  yield  with  Eulphiircted 
hjdrQccn  ?  ITmy  is  nntitnomona  acid  mndc?  Hgw  ia  len^liloiitlp  oF 
antimony  made  T  Whni  is  Powder  of  Alfifl-roili  ?  What  is  tbe  gold- 
en Eulphurec  of  antimon;? 


COPPER.  a03 

ad  uniting  with  hydrogen  to  foini  tellureted  hydro- 
en,  which,  with  water,  yields  a  clarut-colored  solution. 


Copper  U  often  fouud  native,  and  in  certain  parts  of 
tlio  United  States  in  niass&s  of  very  great  magnitude. 
It  also  occurs  as  a  carbonate  and  snlphido.  In  the  lat- 
ter combiuatioii  it  is  foUiitl  ■with  the  sulphide  of  iron,  as 
yellow  copper  ore,  ThU  being  roasted,  the  eulpliide  of 
iron  changes  into  oxide,  tlie  copper  snipliide  remaining 
unchanged.  The  mass  is  then  heated  with  sand,  which 
yields  a  silicate  of  iron,  the  sulphide  of  copper  Bcpara- 
ting.  This  process  la  repeated  until  all  the  ii'on  is  piiit- 
ed  ;  and  noiv  the  Biilpliide  of  copper  begins  to  diango 
into  the  oxide,  which  ia  finally  decomposed  by  caibon 
at  a  high  temperature. 

Copper  ia  a  red  metal,  reqniring  a  high  tcmpei'ature 
foi'  fusion,  1996°.  Its  specific  gravity  is  a.s.  It  luiB 
great  tenacity,  and  is  ductile  find  malleable.  A  polished 
plate  of  it,  heated,  exhibits  rainbow  color?,  and  Is  finally 
coated  with  the  black  oxide.  It  is  one  of  the  best  con- 
ductors of  boat  and  electricity.  Among  its  compounds 
the  following  may  be  mentioned  ; 

Protoxide  of  Copper  CuO  —40  , 

SuboKida         "   Cii,0  =73 

Clilurido         "   C..C!  =GT.S 

SnbcliloriJo     "   Cu,C/=99.5 

Snbaulpliido     "   Cu,S  =S0 

^otoxide  of  Copper  may  be  made  either  by  igniting 
metallic  copper  in  contact  with  air,  or  by  calcining  the 
nitrate.  It  is  a  black  substance,  not  decomposable  by 
heatibiit  yielding  oxygen  with  facility  to  carbon  and 
hydrogen,  and  hence  estensively  used  in  organic  analy- 
fiia.  It  ia  n  base,  yielding  salts  of  a  blue  or  green  color. 
The  suboxide,  called  also  i-cd  oxide,  occurs  nuiive  ris 
ruby  copper.  It  is  a  feeble  base.  The  eubsnlpbide  also 
occurs  native,  as  copper  pyrites. 

Copper  is  easily  detected.  Cnastic  potassa  gives-, 
with  its  protoaalt,.  a  pale  blno  hydrate,  which  turns 
black  on  boiling.    Ammonia,  in  excess,  yieldH  a  beaii- 

Unilcr  nhal forms  does  copper  occur?  How  is  it,  retlnrcd  ?  Whnt 
are  lis  proiwrties  ?  Wliiuh  oxide  is  used  in  orgnnit'  annlvsis?  Row 
is  copper  dpiectcd  ? 
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tiful  purple  solution  ;  ferroeyanide  of  potassium,  a  choc- 
oIale-i>rown  precipitate  5  siilpliureted  liydmgeii,  a  blacJc; 
and  metallic  irou,  as  the  blade  of  a  knife,  precipitates 
luetallic  copper. 

Salts  of  toe  Photoxtde  or  Copper. 

Carbonate  of  Copper.—Thece  are  several  Tarietiea 
of  carbonUes.  One,  whiuh  passes  under  tlie  name  of 
Mineral  Green,  ia  formed  by  precipitating  with  An  ai- 
kaline  citrbooale.  It  occwra  naturally  in  llie  fgrm,  of 
Nalacfiite.  Blue  copper  ore  is  another  carbonate ;  the 
paint  called  Green  Verditer  has  a  similar  corn  position. 

Siilphale  of  Copper  {-Blus  Vitrio^  ia  prepared  for 
commwrce  by  tlna  oxidntion  of  the  snipbide  of  copper. 
It  crystatlisies  in  rhoraboiila  of  bhie  color,  wilh  five 
atoms  of  water.  It  ia  solublu  in  four  times  its  -weigbl 
of  cold,  and  twice  its  weight  of  hot  ivaier.  It  is  an 
escharotic,  an  astringent,  au-d  has  an  acid  reaction, 
"With  ammonia  it  forma  ;i  compound  of  a  splendid  blue 
color,  which  may  be  obtained  in  erystale;  with  potasE^ 
also,  il  forms  a  doable  8iilt.  There  nru  also  suliatilpliatea 
of  copper. 

N'iirate  of  Copj>er,  formed  by  the  action  of  nitric 
acid  on  metallic  copptr.  It  crystallizea  ia  prisms  or  in 
plates.  It  acts  with  very  great  energy  on  metallic  tin. 
There  Is  a  eubnitrate  of  copper. 

Afsenite  of  Copjter  (ficft^ele's  Green),  produced  by 
adding  eolution  of  arsenious  acid  to  the  solution  of  am- 
monia sulphate  of  copper. 

Cupper  yields  several  valuable  alloys.  ErasB  ia  aa  al- 
loy of  copper  and  zinc ;  giin  melal,  bell  metal,  and  spee* 
ulum  melal,  of  copper  and  tin.  The  gold  and  silver  of 
currency  contain  portions  of  tliis  metal;  it  communi- 
cates to  them  the  requisite  degree  of  hnrdness. 

Under  wlint  forma  does  [ho  corbonnle  occur?  "WTiat  nro  the 
melliod  of  preparniinn  nnJ  properties  of  the  sulphate  ?  What  U 
Schoclo'e  Greeu?    Wliat  aUoya  of  copper  are  there? 
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LECTURE  LXYl. 

Lead. — Hedvction  of  Galena. — Relations  of  Lead  to 
Water. — 27ie  Oxidea  of  Lead. — DettHwn  ofXead. 
— Bism'Tii. —  SiLVBK. —  Amalgamation. —  CrystaUi- 
zaiion. — CifpellatioH, — Jh-qpertiea  of  iSilver.— Salts 
of  SUvct: 

Lead.  PJ=104. 

Lead  ocenra  nnder  various  niincval  focme,  but  the 
most  Taluable  oue  is  galena,  a  sulphide.  I'roni  lliis  it 
la  readiiy  obtained.  The  galena,  by  roaBliiig  in  a  rever- 
berntory  furnace,  becomes  partly  coivcrted  into  sul- 
phate of  lead  ;  the  contents  of  the  furnace  are  then 
mixed,  the  temperature  I'aiscd,  and  the  sulphate  and 
Bulphido  produce  sulphurous  ncid  and  metallic  lead,  ihe 
action  being 

Pi  0,  S  Oa -I- Pftff . . .  ^ . . .  2  S  0, + m 

Lead  is  a  soft  tnetal,  of  a  hliiish-^i'liite  color.  Its  spe- 
ciGc  gravity  is  11.381.  It  mcUs  at  612°,  nud  on  the  guv- 
fitce  of  the  mohon  ninss  mi  oxide  (dross)  rapidly  forma. 
At  common  tcmper.itures  it  booh  tarnislies.  lu  the  act 
of  solidifying  it  contracts,  and  hence  is  not  Gt  for  cast- 
ingg.  It  possesses,  at  coiumon  temperatures,  the  weld- 
ing property;  two  bullets  will  cohere  if  fresh-cut  eur- 
facea  upon  them  are  brought  in  contact.  Under  the 
conjoint  influence  of  air  and  water  lead  is  corroded,  a 
white  crust  of  carbonate  tbrming;  but  when  there  are 
contained  in  the  w.iter  email  quantities  of  f;alte,  such  as 
HulphatGS,  these  form  with  the  lead  insoluble  hodie?, 
which,  coatinp  Its.  surface  over,  protect  it  from  fai  tlici- 
destruction.  For  this  reason  load  pipe  can  be  used  for 
distributing  Tv-atdf  in  citiea  without  danger.  Lead  is 
one  of  the  least  tenacinna  of  the  metalf.  The  tartrate 
of  lead  calcined  in  a  tube  yields  one  of  the  best  pyro- 
phori;  on  bringing  it  into  the  aiv  at  common  temjiera- 
tiires,  it  B-pontaneously  ignites. 

Under  what  forms  Joea  lead  ohiefly  occur?  How  is  gnlenn.  re- 
docEil?  Whj  cnn  nnt  lead  be  used  for  cnstiugs?  Wlint  ia  the  nc- 
linn  of  pure  wnter,  nnil  ivnier  cnntnining  salie,  upon  it? 
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Of  llie  eompomids  ot  lead,  the  following  are  Bomsrf 
tliti  more  iinpiitlnnt: 

of  Lead  716  O  13 


.Jf.,0,=232 
•'   P/.0,  =1S0 

"   yj4,o.=»« 

"   MiC/  =139.3 

 f^I  =»30 

"  ffijr  =120 


Sesquiuxiilu 

Hcd  oxiJo 
CUIorid  0 
l-udido 
Sulpliiile 

The  protoxide  is  made  by  heating  lead  in  the  aif ; 
is  a  yellow  body,  which  fuses  at  a  bright  red  hem. 
lliG  first  stale  it  is  called  massieot;  in  tiie  latter,  li' 
argc.  It  yields  a  class  of  salts,  being  a  base,  Iti 
siiglitly  Boluble  in  water.  The  peroside  ia  made  froi 
red  lead  by  digesting  it  with  mtric  ncid,  which  dis- 
solves out  the  protoxide,  and  leaves  the  eabstanoe  as  ^ 
puce-colored  powder.  The  red  oxide,  or  red  lead,  is 
made  by  calcining  lead  in  a  current  of  air  at  600^  or 
VOO".  II  ia  iised  in  the  mauuJactufe  of  flint  gfn 
The  chloride  is  made  by  tho  action  of  hot  hydrochlorii 
acid  on  protoxide  of  lead :  on  cooling,  it  is  deposited  in 
crystals.  The  iodide  ia  formed  when  any  soluble  iodide 
ia  added  to  a  protosalt  of  lead.  It  ia  a  beautiful  yellow 
precipitate,  soluble  in  boiling  water,  forming  a  colorless 
Bolution,  which,  on  cooliugT  deposits  golden  cryetal 
The  sulphide  ia  galena;  it  crystallizes  in  cubes,  and  h 
a  high  metallic  Itistre. 

Lead  is  easily  detected  by  sulphnrcted  hydroj^ea, 
which  throws  it  down  from  its  solutions  as  a  deep 
brOwn  Or  black  precipitate,  aud  by  the  iodide  of  potaa-, 
Biuin  or  chromate  of  potaesa,  which  give  with  it  a  yel 
low  precipitate.  Sulphuric  acid  yiulda  with  its  salts  " 
white  insoluble  Eulphato  of  lead. 

Salts  of  the  Pkotoxtde  op  Leab. 

Carbmate  of  Lead — WAite  Ircad — Ceiiise. — TJiia 
salt  fofuis  as  a  white  precipitate  when  an  alkaliue  car 
bonatQ  is  added  to  a  solution  of  a  salt  of  lead.  Lar^a^ 
quantities  of  it  are  consumed  in  the  arte  as  white  paint. 
For  conimeroe  it  ia  procured  by  mixing  litharge  with 
containintr  a  small  nroportinn  of  acetate 
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carbonic  aciJ  gas  is  llien  seut  over  ]t,  anci  tlie  carbonate 
raimiiy  forms.  It  is  also  luado  by  exposing  uietallic 
lead  ill  pbtea  to  tlie  action  of" the  vapor  of  viuegai-,  air, 
and  niuistuve,  tbe  metal  becomitig  oxidized  and  carbon- 
ated. 

J^itrat6  of  Z«a<7raaybe  formed  by  diesolving  litharge 
in  dilutu  nitric  acid.  It  crystallizes  in  opaquo  wliito  ou- 
taliedrons,  which  dissolve  in  seven  or  fight  times  llicir 
weight  ot"  cold  water.  They  conlaia  iio  water  of  ctys- 
tallizutioii,  and  are  dcconii^oscd  at  a  liuat,  39  stated 
ill  the  descriytion  of  nitrous  acid.  Ey  tho  action  of  am- 
monia three  other  iiitr-ites  ot  lead  may  be  obtaintd. 

Among  the  alloys  of  lead  are  the  boII  solders.  Two 
parts  of  lend  and  one  of  tin  eouBtitulo  plumber's  solder; 
one  of  lead  and  two  of  tin,  fine  solder. 

BrsMTrrn.  Bi^2l3. 

EiSMCxn  ia  foand  both  native  and  as  a  sulpbide.  It 
is  of  a  reddiah  color,  melts  at  3oV°,  and  may  be  obtained 
ill  beautiful  cubic  crystals  by  cooling  a  ijnantity  of  it  im- 
tii  solidification  commences,  then  breaking  the  surface 
erufit  and  pouring  out  the  fluid  portion. 

When  bismuth  is  dissolved  in  nitric  acid,  and  the  so- 
lution poured  into  water, the  white  subuitrate,  once  used 
as  a  fosmeliCj  is  deposited;  when  this  is  Avasliod,  and 
Rnbaoqucntly  heated,  the  pfotoxide  la  [eft.  Theio  is  also 
a  peroxide. 

Fusible  metal  is  an  alloy  of  eiglit  parts  of  bismuth, 
five  of  lead,  antl  three  of  tin.  It  tnelcs  below  the  boil- 
ing point  of  water,  and  may  be  obtained  iu  ciystala. 

Sn-VER.  ^;7=10S. 

Sn.TKR  is  found  native,  anil  as  a  snlphide  and  a  chlo- 
ride, occurring  also  with  a  variety  of  other  metals,  and 
in  small  proportion  with  galena.  When  disseminated 
as  a  metal  through  ores,  it  may  be  collected  from  them 
by  amalgamation  with  quicksilver;  ou  disliEling,  the 
qnicksilver  ia  driven  oil'. 

AViicn  it  is  obtained  from  tbo  sulphide,  that  ore  is 
i-o.-isted  wilh  common  Fiilt,  wbich  olianjjea  it  into  a 

Wliftt  are  iha  jiropprties  of  tho  tiiirnlc?  "Whnl  flreanlilm?  Wlini 

nra  llio  jirapertiea  ofliismulli?  Wliitt  isfnsilile  nielill  ?  L'u'lcr  M'hul 
forms  does  Eilrcr  occur  F    How  b  it  oblaiaijil  Cnssa  ibo  stilpbiile  ? 


t-hioTide.  This,  with  lie  impnrilies  witli  which  it  may 
be  Associated,  ia  [>iil  into  barrels,  which  revolve  oc  w 
wis,  along  nilh  water,wec*s  of  iron,  atld  nictiillic  mer- 
cury ;  the  iron  reduces  the  chloride  to  the  metallic  stale, 
am!  Uie  silver  amalgamaies  with  the  niercmy.  This  is 
washed  from  the  impurities,  strained  throii<;h  a  bag  to 
sfparate  the  excess  of  mercury,  aiid  the  residue  is  drir- 
en  offby  distillation. 

The  enraciion  of  silver,  when  it  occurs  in  Bmall  qnmi- 
tity  with  lead,  ia  accomplished  by  thfi  process  of  crys- 
tallittlioD.  It  depends  upon  the  fact  that  an  alloy  of 
lead  and  silver  is  more  fusible  than  lead.  A  large  <j<ian- 
lity  of  argentiferous  lead  is  melted  and  allowed  to  cool. 
As  the  setting  goes  on,  the  first  portions  which  EoHdify 
ore  pure  lead ;  tlicy  may  be  removed  by  iron  colanders, 
and  hy  continuing  the  proceaa  there  i&  finally  left  a  por- 
tion containing  all  the  silver.  Tliis  is  espospd  to  a  red 
heal,  and  a  stream  of  air  directed  over  il ;  oxidation  of 
the  lead  Likes  place,  nod  the  litharge  is  removed  by  llie 
blast,  the  process  being  finally  competed  ty  ouf  ella- 
tion. 

A  cupel  is  a  shallow  dish  made  of  bone  a:hes,  and  is 
very  porous.  lo  this,  if  nn  alloy  of  lead  fli.J  silvier  be 
hoalcd  with  access  of  air,  the  lead  oxidizes,  and,  melting 
into  a  glass,  soaks  into  the  cupel,  or  may  be  driven  from 
the  surface  by  a  blast  of  air  directed  from  a  btlloii's. 
At  the  same  time,  any  copper  or  other  base  metal  os;i- 
diKCS  and  is  removed  niorg  n  ith  the  lead.  The  com- 
pillion  of  the  process  ia  iiidicnied  by  the  silver  assiim- 
ing  a.  certain  brilliancy,  or  llaehini;,  as  the  workmen 
term  it. 

Silver  ia  a  ■w-hite  metal,  capable  of  receiving  ft  brilliant 
polish.  It  is  malleable  and  ductile,  an  excellent  con- 
ductor of  heat  and  electricity.  Its  Bpecific  prsvity  is 
10.5,  It  melts  at  1 873%  an  J  when  melletl  absorbs  a 
large  f|uanlity  of  oxygen,  giving  it  out  figain  as  soon  as 
it  solidifies,  and  assuming  a  frosted  or  porous  appear- 
flnce,  The  presence  of  a  minnte  quantity  of  copper  pre- 
vents till.'!  fffect.  Silver  ia  so  sof^  that,  for  making  plate 
or  coins,  il  rpqniren  to  he  a[Ioyei3  M'iih  a  portion  of  cop- 

■nt  is  the  |irorcR9  of  BninlBimHiion?    Whnt  ia  the  pracess  of 
ullon?    Wliiil  is  enptlliilion  f    Whal  nre  the  properliea  of 
"icn  miiai  ii  be  alloyed  ? 
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per ;  from  this  it  ma^  ba  purified  by  dissolving  it  in  ni- 
tric acid,  and  precipitating;  llie  eilver  as  cliloride  by  a 
solutioa  of  coiniiioii  sail.  Silver  ebows  little  djsposiiion 
to  unite  with  oxygen,  lliongh  it  tarnishes  readily  by  tho 
action  of  sulphureted  liydrogen.  It  yidda  three  oxides, 
but  of  its  conipounda  tlic  following  are  the  moet  im- 
portant : 

PititoslJo  of  Silver.  Ago  =116 

Chloride   AqCI^US.S 

Iodide  "   Agl  =934 

Sui[iiiido       "   ;  jjS=ia4 

The  protoxide  may  be  made  by  tbo  action  of  caustia 
poinsaa  on  a  solution  of  nitrate  of  silver,  or  by  boilin^r 
leeently-pvepared  chloride  in  potassa.  It  is  a  darlt 
powder,  which  may  bo  reduc'cd  by  heat  alone,  The 
chloride  is  BomGtiriiea  found  ualivo,  aa  horn-silver,  and 
may  be  made  by  precipitation  from  the  nitrate  by  by- 
drochiorio  acid  or  a  soluble  chloride.  The  sulphide  13 
pi'oduced  whenever  sulphurcled  hydrogen  acts  on  oxide 
of  silver,  or  even  metallic  silver ;  it  is  a  black  compound. 

Silver  is  easily  detected  by  precipitation  aa  a  chlo- 
ride i  a  eui'dy,  white  precipitnte,  insoluble  in  water,  but 
soluble  in  ammonia.  It  turna  dart  on  exposure  to  tho 
8un,  and  ia  used  in  photography.  The  iodide  and  bro- 
mide of  silver  are  very  valuable  in  being  sensitive  to 
light.  They  are  formed  in  thai  appHcalion  by  dipping 
a  tilta  of  collodion  containing  eome  soluble  iodide  and 
bromide  into  »  solution  of  nitrate  of  mCver,  They  also 
exifit  native  in  Mexico. 

Salts  op  tb^  PkOtoxide  op  Silveh. 

titrate  of  Silaes"  {Lunnr  Catistlc),  procured  by  dia- 
Bolviug  silver  in  nitric  acid  diluted  with  twice  its  weight 
of  water.  It  crystallizes  in  tables,  which  are  not  deli- 
queseent,  and  contain  no  water  of  crystallization.  It  en- 
ters into  faaion  at  42C°,  but  at  higher  tcmperatnres  un- 
dergoes decomposition.  It  is  frequently  cast  Into  small 
sticks,  and  used  by  Burgeons  aa  a  .cantery.  It  ia  soluble 
in  its  own  weight  of  cold  and  half  its  weight  of  hot  wa- 
llow may  (he  proloiide  lie  mitde  ?  Wliat  special  properties  have 
th.0  ctiluritlc,  ioilide,  avd  Irromidc?  Ifow  may  silver  be  dciectcil? 
How  is  lunar  caustic  maJe  ?   What  properties  has  it? 

Q2 
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ter,  and,  when  m  contact  with  organic  raatter,  taraa 
blauk  ici  llie  rays  of  the  sun. 

Ammoiiiitrel  of  SUi}er  (Bt'rt/iollet^a  Fulininating 
JSiloer)  is  Ibrmcd  by  di^estliig  precipitated  oxiJc  of 
silver  in  ammoiiin.  It  explodes  witb  the  utmost  vio- 
lence under  llie  I'felilest  tVictionj  with  tlie  evolution  of 
nitrogen  and  the  vapor  of  water. 

Ili/posuip/iite  of  Silcer  ia  formed  when  n  compound 
of  silver  ia  dissolved  in  any  of  tlie  hyposulphites.  The 
Eolutiou  of  chloride  of  silver  has  a  g^eet  tnste,  ns  tnay 
te  observed  when  removing  the  excess  of  chloride  from 
paper  that  lias  been  used  in  the  positive  printing  pro- 
ceea. 

Ammonia  JSTitrate  of  Stiver,  formed  by  adding  .im- 
monia  to  nitr.ite  of  silver  till  the  precipitate  at  first 
formed  ia  radissolved,  ia  employed  in  pliotogfaphic 
printing  on  paper. 

Silverino;  a  glass  is  performed  Ly  variotia  proqqsses, 
the  best  being  that  in  which  a  solution  of  nitrate  of  sil- 
Ter  and  ammonia  ia  decomposed  by  Rochelle  salt.  The 
film  deposited  on  glass  ia  so  hard  as  to  bear  polishing 
■with  buclcskiii,  though  only  ^otItto  "J*"  in^^b  thiuk. 
This  prooess  liaa  been  largely  used  by  the  author  in 
making  the  15i-inch  silvered  glass  reflectors  for  his  tel- 
escope at  Ilastinge-on-Hudson,  New  York.  It  ia  fnlly 
described  in  the  Contributions  to  Science  of  the  Sniilli- 
Bonian  Institution  for  1S64. 

Brass  may  be  silvered  by  the  aid  of  chloride  of  silver, 
chalk,  and  carbonate  of  potassa.  In  electro-plating  a  so- 
lution of  the  chloride  in  cyanide  of  potassium  is  used. 

What  is  flmmoniuret  ofailver?  What  nre  Iho  properties  of  the 
hyposulphite  ?  Of  what  iise  ia  the  ntsimoniii  niirntc?  How  is  eiI- 
Tcring  on  glass  petformed?    llcw  may  Lriisa  be  silvered? 
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XECTURE  LXVIT. 

SIdecurt. — Process  of  H eduction. — The  Liquid  State 
of. — Its  Oxides. —  t'alomel  and  Corrosive  Sublimate. 
— Deteeiion  of  Mea-cary.~^It»  Salts.- — AmalQanis. — 
Gold.  —  Vkloride  of.  —  PuTple  of  Casxiiis. — Pjvlla- 
mvn. — Platiwum. — Ma  CaUdi/tia  Effects. — Pkiti- 
Tiwn  Slack. — Iridicm. — Rhodium. — Kutuesidm. — 

JIkecukt  may  bo  obtnitied  from  (lie  eulphide  (ciona- 
bar)  by  dietillation  witli  ir-OH  iilings.  It  is  aleo,  to  ft 
ceitiiiii  oxienC,  found  native, 

TliG  striking  characteristic  of  mercury  is  its  licjuid 
condition.  Its  niL'ltiiig  point  is  tlie  lowest  of  Llial.  of 
any  of  llio  metals,  being  —39°.  Its  specific  gravity  at 
47'^  is  13.545.  It  boils  at  602°.  Kept  at  tbat  lempera- 
tnre  in  the  air  for  a  length  of  time,  it  prodnocB  red  ox- 
ide, but  at  coiimion  teiiijierntui'ea  it  ia  not  acted  on  by 
the  air.  It  may  be  freed  from,  impurities  for  tbe  pur- 
poses of  the  laboratory  by  being  kept  in  contact  nith 
dilate  nitric  acid.  It  gives  thefoilowing  compouoda  of 
interest : 

Suboxide  of  Merenry  //171O  -208 

3>PDto:(ide        "   f.  Hc/0  =108 

SiibcMoriJo      "  lf/,Cl  =  23r,.5 

ClilOTiJo  "   JlgCl  =i5t:5 

Wrib5nl]iUidB      "   B^,S  --2IG 

Kulpliida  "   Jl^.f  =IIG 

The  suboxide  may  ta  made  by  triturating  citloniol 
with  potassa  water  in  a,  mortar.  It  is  a  black  powder, 
which  is  decomposed  by  light  or  any  of  the  reducing 
agents.  The  protoxide  may  be  formed,  as  stated  ahove, 
by  the  action  of  air  ou  hot  mercury,  but  more  easily  by 
dissolving  mercury  in  nitric  acid,  and  evaporating  and 
beating  the  salt  until  no  more  fumes  of  nitrous  acid  are 
evolved.    It  ia  a  red  powder,  and  when  warmed  be- 

Uodcr  what  fiirms  does  merciiry  oeciii  ?  WlinJ  are  Iha  most  strilt 
ing  prnpcrtiGs  of  this  tit>(Mn]  F    How  may  it  be  jmrificdf    Wliat  nre 

tha  properties  of  tha  proiaxiilv  ? 
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COWOL'SDS  OF  MEBCTKr. 

comes  nlinost  black,  tlie  co]or  retarntog'  as  the  toB^- 
mui'u  <1l-m(;(; tills.    Like  lliv  former,  it  is  a  base, and  jiddi 

y/iK  StihcJU'iritie,  or  Calom^^  wt%ny  be  made  br  ai^- 
livdrodiluric  aciJ  lo  the  sabiiitrate  of  njerrorT.or 
by  Hiiblimiiig  a  niixturo  of  ubloHde  of  mercar^  aaJ W 
^ui'v.  It  U  a  whttQ  powder,  insoluble  in  vaur,  ind 
dai  Kcns  slowly  by  exposure  to  Bunshine.  The  chhrik 
(or  CurMiioe  .Sublimate)  is  formed  when  mercnry 
ill  <Oil»niic  giui,  but  more  econotnicaUy  bj  saUiauuDB 
fioni  a  uiixiurc  of  Biilphate  of  mercury  and  connxa 
sail.  Il  iri  ft  heavy,  wbite,  erystnlliue  bod^-,  soIuUcLb 
ivatoi',  li!i3  a  rnetnliic  ta.sl«,  and  ia  poisonous,  T^ie  an- 
liiliKo  fi)r  il  is  iilbiinieii  (llie  white  of'egg). 

1)1'  tlio  ftiil|t1u<lL'd  of  iin-Tciiry,  tbe  sttLsuIpbide  is  i 
mill  llio  flul|j]iiJc  (;oinnion!y  rcJ  ;  in  this  case  it  fia-  i- 
iii  cotiiincruu  umlor  tbo  name  of  vermilion,  and  is  u-i  i 
iiH  ft  (jiiiiit.  Itcaii  bo  obiainCiJ,  3lOivever,  quite  black;  i 
tiitiiiliU'  lioiiljlia  color  is  observeJ  io  the  case  of  the  os- 
itlo,  iiml  still  more  strikingly  in  llie  iodide,  wbiefi  mav 
ho  Niililimuil  ill  beaiiUrnl  yullow  crystals,  becoiniu"-  of 'a 
ii[iilr[nliil  ecnrlul,  color  by  meruty  being  totiched.  ° 

ftb>ruiiry  iimy  bo  iletuoud  by  boing  precipitated  from 
i\M  Hiiliihlu  umiibinntioiia  by  metallic  copper  as  si  metal. 
IlB  B;»lt»,  uilbcr  iilom^  or  wilh  carboTiitte  of  soda,  heated 
in  u  lubu,  jiuld  metallic  inarciiry,  which  volatilizes. 

SAi.-i-a  OP  THE  OxibES  OP  MEitctiiir. 

Tfitratea  of  tin:  (fj.-iihs'of  Mercury. — When  cold  di- 
'luto  liitrio  fujiii  acta  on  raurcury  it  gives  rise  to  neutral 
or  basio  wubsalts,  na  llie  acid  of  nitrcnry  ia  in  excess ; 
if  llio  nwiil  bo  but,  n  pcrnitrate  fonna;  thesB  ealta  are 
dooonipomi  by  nn  cxccsa  of  water,  giving  i-iae  to  basic 

tiiilpluiti;  of  Mercury  ia  formed  Ijy  bniling  sulphuric 
Hcii]  mill  mercury,  and  evaporating  to  dryness.  It  oc- 
<!i"rn  in  tbo  Ibnn  of  a  white  gfnnular  mass,  and  is  deconi- 
pnscd  bv  ■wjilcr,  giving  a.  yollow  precipitate,  a  subsul- 
phate  called  7'<irpeth  Mineral. 

Ilo*  ttiny  ciilnmcl  lie  rnRcIe?    When  li  eoridtivc  piiWimnte  frarra- 
i  ?    Wlml  is  ila  niiiidotc  ?    What      vorniilioii?    Whnl  is  the  pe- 

Bnj|i»rl7  "fiha  iodiclo?    Hqw  w  inorcnry  tleteclcd?   Wliat  ia  Tur- 
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The  alloys  of  mercury  are  called  amalgams;  the 
5ini!ilga.iii  of  lit)  ia  used  for  silvering  iooking-glaasGS,  aiid 
that  of  zinc  for  exciting  electrical  macljiiies. 

Gold.  Au=l9T. 
Gold  is  fbnTid  native,  and  may  be  obtained  by  wasli- 
ing  or  aiualgamation  with  mercury.  It  may  be  pu- 
Titied  from  silver  by  quartation;  that  is,  fusing  it  witb 
three  times  itH  weight  of  silver,  and  then  acting  on  ttio 
mass  with  nitric  acid.  The  gold  is  left  as  a  dark  pow- 
der. 

From  otber  metala  gold  is  distinguished  by  Us  yellow 
color,  Ita  specific  gravity  is  19.3.  It  melts  at  2016". 
It  is  the  most  malleable  of  all  the  metais,  as  is  proved 
by  gold  leaf,  which  may  be  obtaiued  TTrrfJinni  i"''^' 
Ihickness ;  is  not  acted  upon  by  the  air  or  oxygen.  Ob- 
jects of  art  covered  with  it  have  retained  their  brillian- 
cy for  tbonsaiida  of  years,  No  acid  alctis'  dissolves  it, 
but  it  is  soluble  in  aqua  regia,  and  also  in  chlorine. 

It  can,  however,  be  mads  to  yield  two  oxides,  a  pro- 
toxide and  a  teroside;  and  two  cbloridea  baviitg  the 
same  eonstitntion ;  the  terehloride  is  formed  by  iho  ac- 
tion of  nili'oniunatic  acid  (aqua  regia)  on  gold.  When 
eva|^)orated,  it  yields  red,  deliquescent  crystals.  Deox- 
idizing agents,  euch  as  jirotosutphate  of  iron,  reduce  it 
to  the  metallic  state  ;  this  is  probably  due  to  their  de- 
composing water  and  presenting  hydrogen  to  the  chlo- 
ride. Hydrogen  gas  decomposes  tllO  terchloHde,  and, 
by  heating,  it  Srst  changes  into  the  protochloride  and 
then  into  metallic  gold.  With  a  solution  of  tin  it  forms 
the  Purple  of  Cassius.  Tliis  and  the  action  of  proto- 
Eulphate  of  iron  serve  oa  a  test  for  it. 

Palladium.  Prf~54. 
Palladium  is  found  associated  with  platinutn,  and  is 
best  obtained  from  the  cyanide  of  palladium  by  ignition. 
Ifis  .1  white  metal,  requiring  a  high  temperature  for  fu- 
sion ;  Bpecific  gravity  11.5.  It  does  not  tarnish  in  the 
air,  is  dissolved  by  iiitrie  acid  and  aqua  regia,  is  one  of 

Whnt  nrG  nitinlKniiis?  How  doCB  sold  oppTir  ?  "WJint  ia  quHrtn- 
tion  ?  What  are  tlie  pTQpoxties  of  golil?  How  nmn_voNides  has  il? 
TThat  ore  tho  tests  for  il  ?  Wlmt  ia  the  Purple  of  Caflsina?  With 
Khnt  raetul  is  pnlladiuEQ  fuund  ?    What  are  its  propcrlieE  ? 


aT4  PLATisrit, 

lltp  wcKling  mMnIs,  ami,  when  heateJ,  ac^qnires  a  ]■'■'-. 
(>siiliili>iiii  like  \v:iri  li-s|)riiii;.  It  is  ueed  to  some  tiuw. 
hy  \lvMM9.  ItH  t'iiiTi|iOiinds  nre  not  of  importaiicv,  will) 
tlio  csoc|>tiftii  of  lliu  jjiolocliloiide,  n^hich  I  have  siown 
to  bo  uBuAil  ill  increasing  the  opacity  of  under-eiiMwi! 
it(>l!»tivi>B.  It  itujrensca  ibeiv  intensity  Ifi  tini«a, 
uut  Ally  ttnbitliy  to  el.'^iuiiig  or  injur^r. 

llHtimim  is.  r<.innU  native,  but  alw-ays  associated  wiit 
ntticr  tiivtikl!,  U  luay  be  obtaiaed  by  GtsI  romiint;  a 
I'liloriiii"  «)t  |il!ilimiiii  mill  amiiioniun ;  this,  vhen  igniuHl, 
Ii-nvoK  juirvi  s|»>iigy  i>]:iliiiLim,  wliich  being  exposed  to 
]iit\vfrftil  |>ri'ssntv,  ami  llieii  alteinately  made  n  bite-Iiot 
mill  li.niniR'ri'*l,  bi'i^oiuoa  n  eolid  mass. 

Pliktiniim  n  wliilo  metal.  Its  Bpecific  £;ravity  is 
^t'ry  liiji'it  bnnc  £1 .15.  Mallenble  pbtiniini  i9~in3iiiir3c- 
liirdil  hy  Dt'villo's  ))roeess  as  lollows,  230  pouufls  hav- 
ing bi'oii  I'liMvl  ill  one  mass,  Tiie  plalinum  ore  is  fused 
ivdii  ilN  tt-i'islil  of  snl]ihiilc  of  lead  and  half  iis  weight 
i>f  iiictallii^  li'iid.  Somo  of  llie  impiiriLiea  are  tlius  sep- 
iirnlvil  iu  coiiiliiuJilioii  will)  sid|i1iiii',  wtiile  ibc  platinum 
i'livum  nti  nllnv  with  tbe  load,  ivliicli  is  ficed  IVoin  ibe 
nwrift',  mill  siiltjoetpd  to  the  jjnint  action  of  heat  and  air 
until  nil  bill  idmiH  livp  per  cent,  of  the  lead  is-  oxidizeJ, 
It  i'h  ttiL'n  Biibjmi'il  to  till.'  intense  heat  of  an  oxybvdro- 
|jrn  Ibihu'  ill  a  1'uniiii'p  of  cbalfc-lime,  where  llie  rest  of 
till'  Iriid,  iiipottii'i-  wilK  niij-  gold,  copper,  and  osniiiim,  is 
ilrivi'ii  otr  111  I\imc».  Itliodtiiui  and  mdiitia  ai'e  left  in 
cortiluiiaticin. 

I'lalinimi  is  ;i  wcldinjj  matat,  and  on  this  fact  the  first- 
inoritii'iii'd  iiii'tliml  of  pTcparntion  depends.  It  is  very 
iniilk'siblo  and  iliiciik',  is  not  acted  upon  Ly  oxygcD,  air, 
or  any  ueid  {ilone, Ijiit.  dissolves  in  aqua  regia.  It  pop- 
BosNen  tlio  cslraordiiiary  property  of  causing  hj-drogen 
nnd  nxvgpn  to  (ihilc  (It  caniniOn  teliiper.itnres,  an  t-ftoct 
wliifli  litlica  j'lace  with  remarkable  energy  whtju  djo 
iiiutal  is  iu  a  (Spongy  slate,  A  jet  of  hydrogen  falling 
•Hion  sponpy  pinllinnm  in  the  air  makes  it  red-hot,  and 

f>f  wlml  vnliip  ii  Iho  prototlilnridp  ?  How  is  [.ilatiiiiim  iibrflinecj 
fmin  iiB  nrcs  f  Wlin«  is  lis  fpccilii^  grflTily  f  Wluit  U  T>v-\\\'^'^  pro- 
ccBs?    \'\'lint  fluia  dissolves  plminum  ?    What  rclaiioii  J'jts  ii  liunr 
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presently  after  the  gTia  tnkcs  fire.  It  also  brings  siboiit 
ilie  rnpiiT  tvaaafonuiitioii  of  alcohol  iuto  acelie  iicid,  and 
various  otiiei'  cliamiciil  changes. 

If  a  quantity  of  ether  be  pouretl  Fiif.tsi, 
into  a  glass  jar,  ^iff.  291,  anil  a  coil 
of  pliitiiiain  wire,  recently  tgnitetl,  be 
iiilrodiiced,  Iha  metal  continues  to 
glow  so  long  US  any  ether  ia  present. 

Platinum  is  iavaluahle  to  the  chera- 
iat.  It  furnishes  a  variety  of  imple- 
ments of  great  value,  and  is  met  With 
under  the  forma  of  crucibles,  tubes, 
wire,  foil,  etc. 

Platiimin  JllaeJc  is  preprtrcd  by 
slowly  heating  to  213°  a  solution  of 
chloride  of  plalinura,  to  M'hich  an  «xeess  of  carbonate 
of  aoda  and  some  sugar  have  been  added.  It  is  n  dark 
poivder,  and  possesses  the  property  of  determining  a 
variety  of  chemical  changea  with  much  more  energy 
than  platinum  in  mass. 

Platinum  can  lie  caused  to  yield  tivo  oxides,  which 
are  not  of  any  importance;  and  two  analogoTia  chlo- 
rides, of  which  the  bichloride,  which  is  the  common  pla- 
tinum salt,  i3  made  by  dissolving  tlie  metal  in  nitrohy- 
drochloric  acid,  and  evaporating  to  a  simp.  It  is  eohi- 
ble  in  water  .md  alcohol,  and  U  used  for  detecting  the 
salts  of  potassium,  rubidium,  and  cfesium,  which  give 
compounds  iusoliibla  in  alcohol  and  almost  so  in  waLer. 

Iridicm,  Jr=W. 
Iridium  is  associated  with  platinum.  It  is  said  to 
have  heen  found  of -specific  gravity  2fl.  Dr.  Hare  ob- 
tained it  21.8 ;  it  is  therefore  tlie  heaviest  of  tbe  metals. 
Its  naniG  is  derived  from  the  difiereot  colors  (iris)  of  its 
compounds. 

Rhodium.  JJ=S2. 
Like  the  former  metal,  rhodium  is  associated  with  the 
platinum  ores.    It  is  a  hard  white  nnotal;  its  specific 
gravity  is  11,  and  is  soractinies-  used  to  form  tips  to 
metallic  pens. 

Descrihe  tha  flnmclcsa  Ininp.  Wlmt  ia  plminiim  bkrkf  Of  what 
USG  IS  liirhlnridc  of  plnLm um ?  What  are  iho  properties  of  iridium  ? 
of  rhodlLUQ  ? 


Rl'TUKSlL'M.  J?K=52. 

Tlib  tf  one  of      mciata  rmiBiiiiiij^  im  that  partiv 
tba  or«  of  ])hlii]uni  which  rwirta  iIm  actiija  efa^tt- 

fl'lii.  It  in  hard,  brittle,  tnlunble  in  tbe  oxthTAtgn 
llmno,  but  rcndily  oxidiwd  by  funon  vixli  mbc^'fisBift 
ing  fuur  oxides. 

OsinCM.  0*=100. 
Obtained  by  precipitation,  it  is  Id  the  form  oTa  Uvt 
nnwdoi',  wlileh  acquires  a  metallic  lasfre  bv  friodea. 
rbii  npucifto  gravity  slightly  exceeds  tlut  of  plaSiniM. 
Iliirnutl  ill  iliQ  air,  it  oxidizes,  exhaHog  potaooons  fne; 
htsiici)  its  DauiQ  (oenie,  odor).    It  forma  fire  OKide& 

Tticrit  nrn  sorao  pccaliarities  l>elon^Dg  to  the  six  pre- 
imu  iii«litU — namely,  platinum  and  its  assocd^tcs — 
liioli  iliwrvtj  nottcoiii  reference  to ibeir atomic  weishu 
nml  ii[nHiili(-'  yrnvilios,  and  which  have  led  to  their  ^ris- 
ioti  intu  two  |;fruii|)a  (if  tbrcc  eacb: 

Bp.  (tr.  Al.W't.  £]>.  Gr.  AaWl 

I'Inriniiiii  "Jl.  1  n  no  PallndEoni. ......1 1,8  54 

Irl'lluiii  31  Mi  9U  RliDdium  12,0  £2 

Uiliilliln  31.40  IW  RHtbeniWB  11.3  62 

Tt,  will  Im  nliHorvcd  that  the  specific  gravities  and 
iitoriiiii  wyl|;btM  ot'lho  first  group  are  almost  identic^]; 
■d  hIh-i  urn  I  Imsu  <>!'  thu  Bocoud  group  ;  and  in  the  latter 
on«u  tlii'y  nro  Jiliiiost  exactly  one  half  of  those  in  the 
I'ormsr. 


Wliftl  npo  iho  properllea  of  ruthonium  ?  of  osmiam  ?  What  pecn- 
Ilni'iilv*  bnUiiii;  lo  ilia  nix  prouoding  mclals? 


PART  IV. 
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LECTURE  LSViri- 

(Composition  of  Organia  SocTirs. — Their  Pmnenesa  to 
Decomposition. — Ihrmiilm  of  Organic  i^ubstances. 
— The  Compound  Radical  Tlico-ry. —  Theory  of  Types 
and  Lcm  of  Equivalent  Substitution. — £xaiiipk«  of 
Siibstiliitiom. — JJbmologom  Compounds. — Action  of 
Seat. — .Eremacauaia. — Putrefaction. — Difficulties  in 
t/ie  ^Nomenclature  of  Oryanic  Ilodi^s, 

Organic  CnEsusTitT,  ivliicli  treats  of  tlio  substances 
derived  from  the  protiessea  of  life  and  the  compoimds 
tbat  arise  from  them,  has  been  defined  as-  the  clieiiiisti'y 
of  the  compoanda  of  carbon,  because  aH  eiich  bodies, 
ivith  a  few  exceptions,  as  ninmonia,  coutnin  that  ele- 
ment, and  aro  more  or  less  coinbiistilile.  Three  other 
elements,  hydrogen,  nitrogen,  and  oxygen,  also  enlcv 
largely  into  their  constitnuon,  ivhile  potas&a,  soda,  lime, 
magnesin,  iron,  arsenic,  chlorine,  flnorine,  siilplmr,  phos- 
horus,  silica,  etc.,  are  found  to  %  limited  extent,  or  may 
G  made  artificially  to  became  components  of  them. 
The  variety  in  the  nature  of  Bubstanccs  wLich  distin.- 
guishea  inorganic  cheti]isti7  ia  here  replaced  by  a  va- 
riety restiitiiig  from  the  varied  groupings  of  a  few  ele- 
ments. 

The  atomic  constitution  of  organic  substances  is  much 
iiiore  complex  than  that  of  inorganic  ;  fibrin,  fot  exam- 
ple, ia  regarded  as  Jiavinj;;  the  ibrmula 

four  bundled  and  eighty-two  atoms  entering-  into  the 
composition  of  ono  of  Us  atoriB;  whiJo  soda  .ind  potas- 
Ra  consist  of  only  livo  .itoras,  carbonic  acid  of  three, 


Whnt  ia  the  definilion  of  orgnnic  clieiiiislrj' ?  Whnt  elomenta  cii- 
\<Lt  liito  organic  liodius?    Wtmt  \s  the  constitution  of  fibrin  7 
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6nl]itiin  lc  add  (if  four,  etc.  As  a  consequence  of  tJiis 
couipli-'xlty,  organic  substaneea  exhibit  a  great  [iraiie- 
jiess  lo  lieeoniposilion,  very  slight  causi'a  sufficing  to 
break  down  tlieir  coDstitiition  by  deslro^iflg  lliu  bal- 
ance of  affioiLics,  and  give  origin  to  simpler  and  more 
stable  componnds.  In  the  bodies  of  animals  the  prod- 
nets  of  osidation  ancl  nictamorplioaia  of  nltrofferiized 
aiibstancca  liavB  continually  to  be  removed  by  the  pro- 
cess of  secretion  for  a  healtiiy  condition  to  be  maintain- 
ed. As  soon  as  dea.lli  ensues  a  geueral  decomposition 
Beta  in^  and  in  n,  short  time  ibe  tissnes  nrc  resolved  into 
a  few  simple  substances — water,  ammonia,  caj-bonic  acid, 
etc.  At  llio  same  time,  the  force  wliich  wag  locked  Up 
in  them  is  liberated  generally  \a  the-  form  of  heat.  Be- 
fore these  products  can  again  become  organized,  a  fresh 
Eni.>ply  of  force  uiust  bo  furnished  from  the  eiid  ;  the 
carbon  of  carbonic  acid  can  not  .igain  enter  as  a  constit- 
uent into  gum,  or  albumen,  or  fibriu,  unless  under  the 
influence  of  the  yellow  ray  of  light.  In  this  respect  the 
vegetable  and  animal  klngdoma  stand  in  a  position  of 
antagonism  or  counterpojse  to  one  another,  plants  or- 
ganizing food  for  animals,  and  they,  in  tnrn,  oxidizing 
organized  products  so  as  to  be  Biiitable  for  the  anstta- 
aance  of  plants. 

Many  organic  substances,  which  yield,  on  analysis,  pre- 
cisely the  same  percentage  amounts  of  their  ingredients, 
have  yet  properties  altogether  distinct.  In  order  to  ac- 
connt  for  such  distiuctions,  chemists  have  been  forced  to 
the  couchisLon  that  the  nature  of  a  body  does  not  de- 
pend alone  on  its  constituent  elements  nor  their  relative 
amounts,  hut  on  the  varied  manner  in  which  a  large 
iiuiiiber  o f  a1  onia  may  airan go  tbemselves,  Th ia  ia 
termed  Gnntphttj.  The  diffiTcLit  allotropic  states  that 
the  combining  Kubstances  may  on  different  oeenfiions 
present  also  iufltience  the  result  (Lecture  XXXVII.), 

When  the  formula  of  an  organic  substance  merely  ex- 
presses t!ie  nnmber  of  atoma  of  each  elometit  present  in 
it,  it  is  called  empirical ;  if,  on  tho  contrary,  the  forniu- 

Wliat  occiirfl  to  orpmiiicd  products  in  the  bmlicB  of  nnimals? 
Wlml  Inkps  ]i!nco  ufier  dentil  f  Whfneo  dops  iho  force  eloppil  n[)  in 
VOKfltiblo  prciilucig  I'mno?  Are  snhslanecu  Ijnyine  llie  Bnnie  pprcent- 
iipe  nniDiml  r>f  iiiurpilieiils  iiltnlioal  ?  Wlint  ia  mcniit  liy  jiniiipinc  ? 
WUut  is  tlie  <5iffcn!iico  between  an  empiiicnl  nud  u  talioiial  fortnula? 
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1:1  proftsscs  to  show  thB  actaal  arrnnijGniont  of  iho  at- 
oms, it  is  ciilleJ  rationcil.  Tliiia  alcohol  has  lliti  cinpii  iunl 
formula  CJI^O^;  ila  rational  formula  3s  {t\H^O^JIO, 
if  it  lie  rfgardod  .is  the  hydrated  oxide  of  elhyle  on  tie 
conipourd  radiciil  ibeory. 

The  Compound  liadical  T/ceory, — The  corapoiind 
radical  theory  assumes  that  in  oi'ganic  clieiiiistry  cei'- 
tain  groups  of  atonia  play  the  part  that  elemeuls  do  in 
inorganic  chenaistry.  A  compound  radical  is  therefore 
a  body  which  combines  like  au  el&nieat  with  elementary 
bodies  OV  with  other  com|ioiind  radicals,  Some  of  these 
radicals  have  teen  isolated,  as,  for  example,  cyanogen 
(  CgiV^),  but  tuost  of  them  have  ouly  a  hypothetical  ex- 
isteace.  This  view  ot'tho  constiUition  of  organic  coin- 
ponnds  has  many  advantages,  and  greatly  facilitates 
classification.  TI16  following  table  indicates  the  princi- 
pal compound  radicals; 

Table  of  Compoinid  Hadicah. 

^midc.  SaJiujlo.  PrapSonjle- 

Ciirlmtiic  Oxide.       Cinnamjle.  Butvlc. 
Cviinoecn.  Giiincyle.  Butvijlo. 

FerroryanoEen,       EiJijIc.  Viilerjlo. 
Ferridcyanotren.      Acotj-lo.  C'nprotylB. 
Cohallocj'anu-gon.     ICaktidjIe.  CEiianlhj^lB. 
CliTOmocynnoKeii.     Mflthylc.  Octyle. 
Pljirinocj'ivnojien.      Funnj'lo.  Cnproylo. 
Iniliocynimgen.         Cclvlc  Ndiij-Ib. 
SiiIpJiDcyatlDECii.       Am  vie.  Pelnrgyln. 
Mellune.  Glyterjle.  Riitj']!'. 

Unlc.  rrijpjlc.  rnlniilylo, 

BtnEoyle. 

Some  of  these  discharge  the  duties  of  dectro-negn- 
tivG,  some  of  electro-positive,  and  some  of  indifferent 
boiliea. 

The  Theory  of  Types. — In  the  theory  of  types  and 
law  of  equivalent  subsliliiLion  snbstaiices  are  divided 
into  classes,  and  from  each  clnss  one  member  is  selected 
as  the  type.  From  its  formula  those  of  all  the  rest  are 
derived  by  snbstituling  for  one  or  more  of  its  atoms, 
atoms  of  other  elementary  substances,  or  clso  groups 
of  atoniB, 

WliHt  is  tho  conip'iunil  rnilical  ilioflry?  Arc  these  radicals  liypo- 
llieiicjil?  Niime  die  princijinl  coaiponnd  radiciils.  Wlial  h  Ilio 
theory  of  tyiiesi* 


THE  THKORY  OC  TVPES, 

As  ail  example  of  such  a  tj'p^,  we  may  take  wWei 
arising  fioni  iho  union  of  one  atom  of  hydrogeo  TtUi 
ono  o(  oxygen,    ll3  atom  of  oxygen  tatty  be  rtpliwi 
■  by  riiiu  of  clilorinc  or  one  of  iodine,  or  by  a  conipoaoJ 
idioul  Kiich  RS  cyanogcu,  and  thus  snccessive  elsssei  d 
10  orijitnal  type  arise.    Type*  snbmitted  to  eubslitQ- 
llon  yittld,  therefore,  different  classes  or  forms. 
Tlit'sc  Bubsiitutioiis  are  not  necessarily  restricted  lo 
no  of  llkc!  constituents;  tbos, in  tlie  chloride  of  sodioni, 
VuCV,  we  may  replace  tlie  metal  by  potassinm,  calciaio, 
Ito.  J  or  WG  may  replace  the  chlorine  by  iodine,  bra- 
mine,  or  cyanogen,  the  type  id  both  instances  being  suU 
preNervet], 

Itiittcnil  of-lho  type  of  water,  we  may  examine  the 
typo  of  nmmonia,  which  is  of  very  A-eqiient  occurrence 
in  or'tsmic  chemietTy.  It  is  to  be  remarked  that  in  ihfi 
Kiib«tinitioii  of  one  Glement  for  another,  it  is  not  neces- 
Biiry  lliat  they  Bhoiild  be  of  the  saiae  electro-cbeniicnl 
ehiiracter;  tliua  clcclro-positive  hydrogen  may  be  Mib- 
Btitnted  hy  cteetro-negative  chlorine  or  oxygen. 

The  following  table  exhibits  insttinceB  of  eubetitntion 
in  the  ammonia  type,  the  componnda  heing  ainmotiias, 
that  ia,  baaea  bearing  an  analogy  to  ammonia ;  the  salia 
are  strictly  analogous. 

^) 

Type,  If  ViV= Ammonia. 
Elhrl""''"'-  Dlftthj^lanlae.  Triolhyliniliie. 

1  C\I/,  j  C,JI,  1 


II)  II)  cji, 

Sahstitntions  are  distinguished  as  partial  and  com- 
plete. Of  tbe  former,  tho  substitmion  of  bydrogen  by 
chlorine  in  Dutch  liquid  is  ac  example  ; 

Dutch  liquid,  U^ir^C\={<7,IT,)  C2^ 
1st  substitution,  C,H^CIs^(^C,  j  ^f)  Cf^ 

Uive  nn  illustratioin  from  liie  tj'pe  ofivnlcr;  from  the  cliloride  of 
sodium.  What  must  be  [he  elcciriM^heniicnl  charncier  of  ihe  sub- 
wiimcd  I'lcmc'iit  ?  Givp  an  examplo  ofsubsiimiion  in  the  nmmonia 
'ype.    Givo  an  ^splnnntion  of  tlio  Eubstitationa  in  Dutch  liquid. 
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2d  eubstitutiou,  C'^II^Cl,,=(^C\\^^j^Cl3 

3d      "  c,ffa,=(^cj^-^i^ci^ 

In  coTDplete  sabstitntion,  tlie  displacement,  as  tbe 
terra  indicates,  13  immediate  and  total. 

The  doctrine  of  compound  radicals  and  that  of  enb- 
stitntion  have  been  regarded  as  being  inconsistent  wilii 
eiicli  othei'.  There  can  be  no  doubt  that  the  latter  fa- 
cilitates tbe  atudy  of  organic  chemistry  very  much  ;  but 
there  can  also  be  no  doubt  of  tbo  actual  existence  of 
many  compound  radicals,  since  they  have  been  isolated 
or  obtained  in  a  separate  state. 

The  JMin  of  Uomologom  Series. — A  series  of  com- 
pounds is  homologouB  when  each  member  differs  from 
the  Qtbera  by  a  definite  number  of  equivalents  of  oarboa 
and  hydrogen,  or  by  some  multiple  of  it ;  and  when  the 
properties  of  these  corapoiinds,  though  they  may  be 
siinilar,  differ  in  degree  from  each  other.  The  boiling 
points,  aa  well  aa  the  specific  gravities,  may  viae  gradu- 
ally, or  the  compounds  may  gradually  turn  from  the 
liquid  into  the  solid  condition.  The  following  example 
is  an  illustration  of  homology : 

Formic  Acid  ,  OJI,0, 

Am\e       "   P.W.Oj 

Propinnic  ''   G.H^O^ 

BntTiric      "   C,i!.0, 

VnlerianLc  "  C\Jht,0^ 

Palmitic     "   (?„«==(5, 

Stearic       "   C^.li^iO^ 

There  is  an  anology  between  homologous  groups  of 
organic  cornpounda  and  certain  groups  of  elementary 
bodies.  For  instance,  chlorine,  bromine,  and  iodine  dif- 
fer from  one  another  precEsely  as  any  three  continuous 
homologous  compounds  might  do.  Chlorine  is  an  easi- 
ly-Gondensible  gas,  bromine  a  volatile  liquid,  iodine  a 
volatile  solid.  In  affiuityj  bromine  is  Intermediate  be- 
tween the  other  two,  as  it  ia  likewise  in  atomic  weight. 

Aro  tliB  componnd  radiciil  theory  nnd  tliat  of  types  inconsist'SnCi' 
When  is  u  scrieB  liotnolognus?  Givu  an  pxamplc  of  liomology. 
What  analogy  is  ibere  between  homologous  ,group9  kdU  certain  eie- 
menta? 
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Tho  c&ncIiisioTi  Iins  been  drawn,  therefore,  that  troTnieie 
is  matic  up  of  half  an  atom  of  each  of  tJ»e  other  two,  .nn! 
is  tlicrefure  a  compound  body.  Jc  ia  curious  tliat  siid 
con  si  d  oral  ions  connected  with  the  obscurer  facts  of  chem- 
istry briDg  U9  back  to  the  ancicDt  doctrine  of  trau^tui:- 
tfttion  spolicii  of  ill  Lecture  I.  If  an  atom  of  dilcnue 
and  one  of  iodine  may  be  considered  as  capable  of  orig- 
inating two  aioma  of  bromine,  tbe  discover_y  pf  a  uii^ial 
honiologOHS  with  gold,  ss  sodinni  ia  with  potjissiuiii  .ilii] 
lithium,  would  lead  to  the  expectation  that  thai  mefji 
might  be  transmuted  into  gold. 

From  this  point  it  woidd  appear  that  sucli  Eubstances 
aa  chlorine,  bromine,  and  iodine  arc  not  to  be  regarded 
ft3  elementary  bodies,  but  as  liouiolo^^ous  comjiouuds, 
having:  a  coniinon  difl'ercnce  between  tEcni,  just  as  is  ihe 
oitse  between  foi'mie,  acetic,  and  propionje  acids  in  the 
last  table. 

Combination  of  organic  compounds  it  -was  siipposefi 
can.  only  bo  proftucpd  by  the  agency  of  the  vital  princi- 
ple, as  manifested  in  animnb  orpliints;  but  instances  are 
now  nccuinulating  wliieh  denicristrate  that  that  opinion 
can  no  longer  be  maintained.  Thus  urea  may  be  made 
aitilicially  by  warming'a  solution  of  cyanate  of  nmrao- 
nia ;  formic  acid  may  be  prepared  from  carbonic  ox  ido ; 
and  from  the  furmiatea  so  resulting,  marsh  gas,  olefiant 
gaa, and  propylene  may  be  obtained;  propylene  may  be 
converted  into  glycerine,  the  proximate  principle  of 
fata,  and  from  glycerine  a  variety  of  sngar  may  be  pro- 
duced. 

Organic  compounds,  by  reason  of  their  complex  con- 
Btitution,  arc,  as  haa  been  said,  prone  to  break  up  into 
Bubordiuate  gronps,  and  eveniuully  into  binary  bodies, 
carbonic  acid,  water,  and  ammonia.  A  slight  elevation  of 
tumpei-atureis  often  sufficient  to  establish  these  changes 
both  ill  the  absence  and  in  the  presence  of  air.  Thus 
the  doQfty  of  wood  aud  the  turning  sour  of  wine  occnr. 
Where  the,  temp  e  rata  re  is  higher  with  the  copious  nc- 
cesH  of  air,  the  change  promptly  goes  on  to  its  last  re- 
snlt,  the  carbon  finally  passing  into  the  condition  of  car- 

Whjit  benrine  hnvo  these  facta  on  trnnsmuiaiioD  ?  What  vieiv 
inny  to  lalicti  of  iodine,  bromine,  nTid  elilorine  ?  How  may  orpnnic 
pompounclfi  be  artiScinllw  |irodui;ed  ?  Q'nc  examplw-  'Wbnt  effcet 
i»a  rem  J  le  mil,  re  on  orgn'dic  compouTuJs  ? 
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bonic  acid,  tlie  hydrogen  into  water,  and  the  nitrogen 
escaping  as  free  gas.  To  iho  sloiver  cliange  the  lille  of 
eremacawfis  has  beeo  given,  to  thu  more  active  comhua- 
lion.  No  organic  substance  can  witLstniid  a  red  Iicat, 
even  in  the  absence  of  the  air,  witliont  being  totally  de- 
stroyed. 

When  an  organic  eubBtance  is  undergoing  slow 
changea,  and  is  brought  in  contact  with  another  capa- 
ble of  being  similarly  afl'ccted,  this  last  may  become 
involved  in  the  decoini)osition.  Thus,  when  ycaet,  :i 
changing  nitrogenizeii  body,  is  diffiised  llirongh  a  eoln- 
llon  of  RUE^av,  the  siipar  atom  is  divided  into  tarbonio 
add  nnil  i\\<:,o\\Q\  fcrnmitation^  aa  it  \b  termed,  taking 
plaff.  In  like  nin.nncr,  putrescent  animnl  matenal  will 
rapidly  bring  on  the  putrefaction  of  frcsli  animal  sub- 
Btaiice. 

Both  acids  and  bases  are  prono  to  produce  change  in 
organic  compoimds.  The  preparation  of  carbonic  ox- 
id«  by  the  action  of  sulphuric  acid  on  oxalic,  described 
in  Lecture  LIV.,  is  an  txample  of  the  fornior,  and  tliat 
of  baryta  on  the  acetate  of  potassa  in  tbe  production  of 
marsh  gas  an  iiislanco  of  the  latter. 

From  what  has  been  said  respecting  the  complex  con- 
Btiiutioii  of  organic  bodies,  it  will  be  inferred  that  their 
classification  and  nomcndature  nro  attended  with  very 
great  difficulties.  An  example  of  the  attempts  to  indi- 
cate the  cotistitiilion  of  these  siibstances,  not  only  so  far 
as  their  grouping  ig  concerned,  but  also  in  translating 
their  fonniilie  into  language,  will  satisfy  the  reader  of 
the  difficulty,  if  not  impossibility,  of  rendering  such  at- 
t^niptB  avnilnlilo  for  usa. 

Thus,  t  ju//"i3jVj  is  calle-3  dlcyanonielaniline ;  and 
CgH^N',  O,  MO,  Dm  is,  NMeAeAyWh  0,  HO  is  call- 
ed' niethjlethylamylopheiiyliiim. 

The  arrangement  of  organic  bodies  that  I  shall  follow 
is  therefore  employed  rather  from  ita  nKcfnlness  than 
froni  its  sciciittfic  propriety. 

What  nro  premncmieis  and  combustion?  "VVhnt  is  ferraentalion ? 
Tlow  nuiv  ^lu  I  re  flic  lion,  hfi  proJuccd  ?  Give  iii^Inncm  of  iJic  nclicm 
□f  acids  and  bajita  on  organic  romponoJa.  Wlint  <lifflciil[ie9  arc 
there  witli  the  nomcnclotnre  of  organic  boiiies?    (Jive  cxumplcs. 
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LECTURE  LXIX. 

ANALYSIS  OP  Obgasic  Substances. — J^roximate  and 
UttimtUe  Ajtalygu.  —  Qutilitatiec  and  QtcanCitative 
Analysis. —  Proei-mta  of  (^uaitdtative  lAmdysie. — 
Description  of  Inatrumente. —  Dtafysia.  —  Cryettrl- 
toids  and  CoUokU. 

Oruantg  analysis  may  be  either  proximate  or  nlti- 
iiiftle.  Blooii,  for  example,  analyzed  proximately,  coa- 
siAti  of  wat^r,  fibrin,  albumen,  disks,  etc.,  while  its  uki- 
mato  ingredients  arc  carbon,  hydroften,  nitrogen,  etc. 

Ullini.ite  organic  flnnlysis  may  be  qualitative  or  (juan- 
tit.itiv-c.  In  tlic  former,  wliere  the  nature  of  the  ingre- 
dients alone  is  required,  a  few  simple  processes  only  are 
necessary.  The  presence  of  carbon  is  ascertained  by 
the  charring  or  blackening  produced  by  bent  or  sulphuric 
acid;  that  of  nitrogen  by  tbe  Binell  resembling  burning 
hair  when  raised  to  a  high  temperature.  Less  qunnti- 
t\cs  of  nitrogen  are  detected  by  the  formation  of  ammo- 
nia when  the  substance  is  boiled  in  a  sohilioii  of  caiistic 

Eotassa.  Compounds  containing  enlpliur  are  osidized 
y  carbonate  of  soda  and  nitrate  of  potassa  at  a  melting 
boat,  and  the  salpliuric  acid  produced  precipitated  na 
sulphate  of  baryta.  The  same  treatment  ia  used  for 
phosphorus,  the  phosphoric  acid  being  tested  for  with 
pcrclilorido  of  iron  nnd  acetate  of  soda,  or  with  inoIyU. 
date  of  amnio-nia.  Inorganic  siibatancea  are  i5rst  pro- 
cured as  ash  by  ignition  on  platinum,  and  then  tested 
as  usual  in  inorganic  clieml&try. 

Quantitative  Organic  Analysis  is;  theoretically  simple, 
but,  on  account  of  the  many  precanlions  necessary  lo 
avoid  loss,  and  the  ncGuracy  retjuived  to  detect  the  rai- 
nute  differences  in  composition,  is  practically  difficult. 

In  the  dL'termination  of  a  compound  which  contains 
carbon,  hydrogen,  and  ojtygeo,  or  only  the  first  two,  the 
object  18  lo  oxidize  them  completely,  and,  weighing  the 

Wliflt  is  meant  by  k  ptoximato  and  what  by  an  uUimnte  analj-sigf 
flow  I  lie  prwanTicft  of  carbon,  nitroffcn,  siilphuf,  ]ihosphnnw  detect- 
cd  ?  Wli^  in  quantituiivo  nnHlj-sis  difBcnlt?  IIoiv  is  the  anoljaiB  of 
■  GompDund  canCainicg  carbon  nnd  hjidrogen  conducted? 
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caTboii  as  carbotlJC  aicd  And  the  hyiJrogen  lis  -watei-,  to 
eatimale  ihe  oxygoH  by  the  loss,  if  llicru  bo  :iny.  Tliia 
oxiiiatioQ  ia  accomplished  by  mixing:  llie  liiiuly-powder- 
ed  body  with  oxide  of  top])ier  ov  cliroiuate  of  lead,  sub- 
Btamjcs  readily  yielding  up  ibeir  oxygen,  and  subjecting 
tlifl  wliole  to  heal  iti  :i  tube  closed  at  cue  end  and  cotn- 
niunioating  by  the  otlici'  with  appropriate  reaqentp. 
The  steps  of  the  jjrocess  ivill  bo  most  easily  nnderstooil 
by  an  example.  The  analysis  of  sugar  ia  conducted  aa 
follows ; 

A  crystallized  variety  of  sucfar  being  seleflted  and 
finely  powdered,  13  dried  at  212°  by  the  aid  of  a  wator- 
taih,  which  consists  of  a  cubical  cbajnbcr  stirrouiidcd 
on  five  sides  by  boiling  water,  and  with  a  current  of 
air  passing  comintially  through  it. 

The  combustion-tube  in  wliicli  the  oxidation  13  effect- 
ed is  made  of  hard  glass,  shaped  as  in  Ji'ig.  292,  the 


a  b  o 


pointed  end  or  beak  being  closed.  It  is  a  foot  or  eight- 
een inches  long,  and  less  than  half  an  iindi  in  diamcter- 
A  sufficient  snpply  of  oxide  of  copper  to  fill  H'  is  raised 
to  a  red  heat  in  a  crucible  to  expel  moisture  and  then 
allowed  to  cool.  The  ttibe  from  c  to  the  beak  ia  filled 
with  oxide,  from  If  to  c  with  the  oxide  ground  in  a 
warm  mortar  with  a  weighed  quantity  (nbout  five 
grains)  of  the  sugar,  and  from  «■  to  S  with  oxide.  On 
shaking  the  tube  while  in  a  horizontal  position,  the  con- 
tents settle  snfficienLly  to  leave  a  free  passage  for  the 
evolved  gases  from  one  end  to  the  other. 

The  contents  of  the  tube  aro  freed  from  any  moisture 
that  may  have  accumulated  in  ihem  by  the  aiiparaiua 
J^tff.  293,  7>  is  a  wooden  trough,  C  the  combustion- 
tube,  B  &  tube  containing  chloride  of  calcium.  Tho 
trough  is  filled  with  hot  sand,  as  seen  below,  and  tha 
air  exhausted  from  It  and  C  by  the  syrluge.  A  fresh 
supply  of  air  ia  admitted  by  the  Blopcook  a.    The  air 

In  lha  esivminalton  of  siitrnr  what  is  rlie  first  tWjiP  Describe  the 
cambiistloii-iubo.  How  is  it  fill-eiL?  What  ia  the  use  of  tlio  nppara- 
tui  Flff.  2m  ? 

R 


386 


TOS  COMBl')>TlUll-FUlUrACG. 

Fig.  m 


is  dried  by  the  chloride  of  calcium  before  repehing  C- 
This,  in  ita  torn,  is  pnmpcd  out,  and  the  pi-ocess  is  re- 
peated ten  or  twelve  times. 

Tlie  next  opei'ation  is  tbe  comljustion.  Tiiis  is  con- 
ducted by  the  aid  of  cliarcoal  in  fi  sheet-iron  case  called 
a  Lietig's  conibnation-iuriincei  2S4.    The  botloiu 


Pin.  W4. 


of  the  case  is  perforated  to  adroit  a  di'riitglit.  of  air,  and 
from  it  risG  a  numbeL  of  supports  of  iron  to  stigtain  the 
combnstion-tube.  As  the  whole  length  of  the  tube  is 
not  to  be  heated  at  once,  a  movable  screen  of  sliect-iroii 
has  also  to  be  pro-ridcd, 
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The  entire  arraagemetit  for  combustian  put  together 
ia  eeen  in  I^g.  295 ;  a  is  the  combustion-tube,  h  li  & 

Fig. 


weighed  tube  coiitaiQiog  uTiIoride  of  calcium,  c  a  piece 
of  Itidia-nibbcr  tubing,  m  r  p  a  Licbig's  potaasa  bulbs. 

The  Liebig'a  bulbs  is  paitly  tilled  with  a  solution  of 
caustic  potassit  of  a  speoiflc  gravity  1.25  aad  wei^lied. 
Its  peculiar  form  has  beeu  contrived  in  order  to  auuject 
a  gas  paasiug  through  it  completely  to  tho  action  of  the 
potassa,  so  as  to  be  certain  that  all  carbonio  acid  is  ab- 
sorbed. 

The  part  of  the  comimstion-tiibe  nenrest  to  the  ehlo- 
ride-of-aalciiiiii  tube  is  Srst  Iieated  by  fragments  of  ig- 
nited charcoal-  These  are  obtained  from  a  smail  buB- 
Hidiary  furnace.  The  heat  is  pl'eVcntcd  from  affecting 
the  remainder  of  the  tube  by  the  movable  screen  g, 
which  has  gradually  to  be  shifted  .iq  inch  at  a  timo 
down  the  length  of  the  combustion -tabs,  until  the 
wholo  has  been  subjected  to  a  red  licat.  The  bubbles 
of  gas  should  not  be  made  to  pass  through  the  caustic 
potassn  faster  than  two  in  a  sewnd.  At  the  end  of  tha 
operation  the  charcoal  should  be  fanned  to  raise  the 
temperature  to  aucb  a  point  that  all  the  sugar  niay  be 
with  certainty  burned. 

The  point  of  the  beak  is  then  broken  off,  and  a  Ftmall 
quantity  of  .lir  drawn  through  by  affixing  a  eork  to  the 
tiibe^  and  applying  the  mouth.  This  removes  the  re- 
maining products  of  combustion.  It  is  only  necessary, 
in  order  to  finish  the  analysis,  to  weigh  again  the  cblo- 
rlde-of-calcium  lube  and  Liebirf's  Irtilbs,  and  to  calculate 
the  results.  The  increase  of  weiglil  in  the  chloride  of 
calcium  indicates  how  mueb  water  it  han  gained,  and 
from  that  the  amount  of  hyflrojien  is  easily  found;  the 

Descriiie  Ftii.  29(i.    Whnti  is  the  LicliiE'a  bnlha  for,  nnd  n-hy  is  it 
so  shapcil?    Dcacrihc  tho  oporaLion  -of  comtjuiticm-  "^Vnx  ate 
Inst  Bicps  of  the  nn-Tlvsis? 
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-form  nitrons  acid.  The  heating  is  conducted  as  in  the! 
former  case,  except  ihftt  a  pari  of  ihe  Liciirbonate  of 
soOa  roust  first  be  dtconiposed  to  drilt  ont  the  air  in 
llic  apparatus,  nnd  llint  tlie  copper  tiiruiiigs  must  te 
kept  at  a  red  heat  while  the  autn.al  uombiislion  is  ia 
progress.  Instead  of  tlie  upiilysis  Wng  terminated  by 
drawiug  air  through  llio  apparatus,  the  remaining  part 
of  the  bicarbonnte  ia  decomposed,  so  that  the  rcsiduQ 
of  nitrogen  may  bu  expelled  by  carbonic  acid. 

The  nitrogen  is  eolletted  by  llie  nid  of  the  tube  ff, 
-Mf/.  267,  in  a  graduated  cylinder  over  mercnry,  the  cyl- 
inder containing  enough  solution  of  caustic  potassa  to 
absorb  the  carbonic  acid  that  comes  oi'er. 

In  determining  iiitroticn  aa  ammonia  by  the  method 
of  Varrentrapp  and  Will,  the  nitrogen  ia  converted  iiilo 
ammonia  by  igniting  the  compound  confining  it  with 
soda-lime,  a  mlstm-e  of  caustic  God3,1,and  ciiustio  lime 
2  parts.  The  soda-lime  furnishes  hydrogen  from  ils 
M'fttei"  to  the  nitrogen,  forming  nmmonia  ;  tlie  oxygen 
of  tbe  water  tmites  witli  the  carbon  of  the  oiganic  bod  v. 
The  anitnouia  is  passed  through  a  Vari'cntrapp  and 
"Will's  bulbs,  partly  tilled  with  hydrochlorio  acid  ct"  a 
Bpeciiic  gravity  of  1.13,  cr,  Fiff.  208.   The  tube  d  serves 


to  connect  it  wiih  the  combiistion-tubc  a  in  the  farnnce 
I/.  By  treating  the  contents  of  the  bulb  .apparatus  nilh 
bichloride  of  platiniiin  the  double  chloridi'  of  platiuuin 
and  nmnionia  is  formed,  and  may  be,  after  cvnporuiiou 
to  dryness  and  washing  with  ether  and  aleoho!,  collect- 
ed on  a  filter  aod  weighed. 

Snlphur  compounds  are  oxidized  ns  stated  in  the  be- 
ginning of  this  lecture,  and  weighed  as  a  sulphate  of 

Haw  ia  the  niiiogeii  cnllccled?  Hon  mny  the  nilionfn  be  eon- 
veiied  intD  iimmGnin  ?  DcEcrilic  llio  dclcrm  inn  lion  oi' nitrogen  as 
free  nniBiQnia.    llavr  nrc  Riilphur  nnd  cht«rino  delertainctl  ? 
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baryta,  Clilovitie  is  determinGd  as  cliloride  of  eilver, 
the  BTibstaoce  being  igultetl  with  soJu-lime,  ite  njass 
dissolved  in  dilute  iiitric  acid,  and  precipitated  with  iii- 
trale  of'sllvei-. 

A  process  of  analysis  lias  teen  jnveptefl  by  Graham 
calliid  Dialifsis,  in  wliich  the  principles  of  liciui J  ditfii- 
eion  are  brought  into  use.  lie  divides  all  substances 
into  two  classes,  cr'jatalhida  and  GoUokls;  the  former 
being  capable  of  crystiil iization,  and  possessing  a  tend- 
ency to  diffusion  through  porous  BOpta;  the  latter  being 
of  ft  viscid,  friutinoiia  njiture,  tike  sohitions  of  piira.  The 
following  table  shows  the  time  of  diffusion,  liydrociilorie 
acid,  the  most  diilusiblo  of  knowa  bodies,  being  taken 
as  unity. 

Table  of  Times  of  Eqml  BIfimon. 

ITjarochloric  Acid.......]       Kui|jlmle  of  Magnesia, ...  7 

CfiloriJe  of  Sodium  2.S3    Alliunicn  49 

Cuite  Sutsar  T       Cavjimd  9B 

The  process  of  dinlyBis  is  best  underslood  from  an  in- 
stance. Make  a  shallow  tray  by  stretching  a  piece  of 
parchment  paper — that  is,  paper  modified  by  sulphnric 
acid— oven'  a  hoop  of  gutta  percha.  Having^  placed  the 
mixture  to  be  analyzed  in  the  tray,  float  it  in  11  dish  of 
w.iter.  In  a  day  or  two  the  crystalloids  k\\\  Ilivb  dif- 
fused through  the  paper  into  the  water,  frorn  ivhjeh 
they  may  be  obtained  by  evaporation.  Arsenions  acid 
may  iu  this  manner  be  separated  from  the  contents  and 
tiasuea  of  a  Btoniach.  • 

Some  colloids  are  found  among  inorgaoie  bodice,  as 
in  the  case  of  gelatinous  silicic  acid ;  but  they  are  most- 
ly ortr.^^lie,  and  of  complex  atomic  constitution.  The 
crystalloid  is  the  stable,  while  the  colloid  ia  the  chance- 
able  condition  of  matter.  The  latter  is  perpetually  teiid- 
ing  lo  turn  into  the  former. 

What  h  dialysis  ?  What  classes  ore  siilisiances  iliviJcd  iolo,  and 
wlittt  nrc  ilie  properties  of  each?  Give  ilq?  rate  of  diffusion  of  BOmo 
bodies.  Describe  ilie  proceas  of  dialrais.  Wlintis  ilie  differenco 
between  lliQ  trjstalloid  nod  colloid  stales  of  mnltcr  ? 
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LECTURE  LXS. 

The  IToN-snrEOGESiEED  JJodus.  —  The  Starch  Group. 
• — Starch.- — Properties. —  Tests  for  variovs  Fotttis  of 
Starch. — Production  of  Dexlf  ine.  —  Action  ofDi<ts- 
tase. — British  G^um,— Cane  Sugar. — Aution  of  Sug- 
ar on  Polarized  Light. — G-rape  Sugar. — MiUc  Sug- 
ar.—  Gum. — JAgniiic.  , 

The  non-nitrogen ized  bodies  Tvliicli  wo  stall  first 
consider  are  gliaracLeiized  by  the  peculiarity  thai  they 
form  a  group,  each  member  containing  twelve  atoms  of 
cnrbon  united  with  hydrogen  and  osygen  in  tlie  pro- 
portions to  form  ■water.  They  are,  for  the  most  part,  in- 
dilfeuent.  bodies. 


The  Starch  Grovp. 

Stnreh  C'la'^ioOio 

Cnno  Siig-ar  (crjslalliaed)  P.j  //[ ,  Oj, 

Grnjw  Sugar..  ...C,JI^,0^t 

Fmit  Sugar  C,,Hi,0,^ 

Milk  SoRar  C„ff,..0,^ 

Gam  C„ll,,0„ 

Liiininc  Cu.//„  0, 

Etc.  'J^tc. 


Starch,  Meida,  Aniyliim  ( Pi2-ff|(,0io),  is  fouixl  aljiin- 
d.intly  in  the  vegetable  kingdom,  imd  may  be  obtaioed 
IVom  potatoes  by  r lisping,  and  washing  the  m-tsB  upon  a 
sieve,  the  starch  being'  carried  off  by  the  water.  It  may 
n\»o  be  obtained  from  flour  by  making  the  flour  into 
a  paste  with  ivater  nncl  then  washing  it.  Tho  Ktarch 
separates,  and  gluten  is  left  behind. 

It  i.^  a  white  substance,  coinnnonly  met  with  in  iiTtg- 
nlar  prisniatic  masses,  whieh  ehape  it  assitmea  while 
drying;.  It  is  .ilniost  insohible  in  cold  water,  and  en- 
tirely SO  ill  alcohol  and  ether.  It  contiists  of  grannies 
of  different  siKftR,  as  in  299,  tlrose  of  the  potato  be- 
ing about  the  two  hundred  and  flftieth  of  an  inch  in  di- 
ameter. 

Wliat  is  ilie  pcciiliariry  of  tlie  Ktnreli  ftrwiii?  Nnmc  iliE  members 
of  ihe  starch  ("roup,  anil  gvta  ilicir  composiiioii.  Whence  is  Etamb 
obtftitved  ?    Wliflt  are  its-  properiics? 


ate 


at  IGO",  be  converted  iuto  dextrine  by  this  substance, 
and  soou  after  into  sugar.  In  eitlier  of  tliesc  cases  tlie 
prgKence  of  atmospheric  air  is  not  required,  the  tinal  ac- 
tion being  that  the  starch  simply  assumes  fotir  atoms 
of  water,  and  becomes  converted  into  grape  sugar. 

Wlien  baked  at  »  temperature  of  about  400°,  siarcli 
becomes  goluble  in  w.iter,  and  passes  iu  commerce  un- 
der the  naiae  of  British  Gum,  or  Leiocome. 

Starch  ia  used  for  stiQijning  variuus  fiibvlcs,  and  for 
L  making  thin  calicoes  appear  of  gieaier  substance  than 
they  really  are.  It  is  also  largely  employed  in  confec- 
tionery, cheap  sugar-plums  being  composed  of  refuse 
Btareh,  chalk,  gypsum,  etc. 

Cane  Sugar,  Siicrone  (  Ci^S,  0^4- 2.ZrO),  is  found  in 
tha  juices  of  many  plants,  aa  the  sngar-cane,  beet-root, 
BweeC  maple,  Indian  corn,  and  date-tree.  It  is  cliiefly 
extracted  tVom  the  sugar-cane,  wbicli,  after  being  crnsh- 
ed  between  rollers,  yields  a  juice  that  is  mi.\ed  with 
lime  and  boiled.  A  coagulum  Laving  been  removed 
from  it,  it  ia  rapidly  ovaporaled  at  as  low  a  temperature 
as  possibl-e,  and  then  crystallized.  In  this  state,  after 
a  brownish  sirup,  molasses,  has  drained  from  it,  it  pass- 
es in  commerce  nnder  the  name  of  J/rwcouar/t),  orbrown 
HUgiir.  This  ia  purified  by  boiling  in  water  with  albu- 
men, which,  coagulating,  separates  many  of  the  innpuri- 
lles,  Tiie  auliition  la  then  decolorized  by  animal  cliMr- 
coal,  evapofaled  iu  a  vacnum-pnn  at  a  temperatiire  of 
150°,  Bolidified  in  conical  vessels,  and,  being  waalied 
with  a  little  dean  sirdp,  is  thrown  into  commerce  as 
loaf  SLijrar,  Mapio  sugar  is  manufactured  to  a  largo 
extent  in  the  United  States,  and  beet-root  sugai-  in 
France. 

From  a  strong  soltition  sugar  crystallizes  in  rhombio 
prisms, iphich  are  colorless;  thoy  pass  under  the  name 
of  Sut/ar  Caiuhj.  It  la  eoliible  in  one  third  its  weight 
of  cold  water.  It  lias  .a  sweet  and  proverbially  charac- 
teristic taste.  Wb*ti  heated  it  melts,  and  givca  me  to 
a  yellowish,  transparent  body  called  Barle^j  Sugar  \  but 
if  kept  at  a  temperature  of  400°,  it  turns  of  a  reddish- 

WliT  is  nir  unticceflnary ?  IIoiv  is  BriUali  Eiim  fomedf  Whal 
are  [he  nses  of  starcli?  Whiit  iiro  iho  sources  of  cane  Biif.'nrf  How 
ia  it  nuLDLi  flic  lured  1    AVlmt  ia  siiffnr  catidv  ?   What  is  Iiarlcr  gugar? 

U  1  J 
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lo  cut  it  off.  TIio  amount  of  relation  necessary  ex- 
prcssL's  tile  rotatory  [lower  o(lhe  liquid. 

Grape  tiugar — Glucose — Stciu-h  liugar — Diaht-tic 
Sugar  ( '^n-^^u  ^n) — is  llie  fiuljstauce  just  descnbe-d  ns 
arising  I'rom  llie  transmutation  of  starch  tmder  tlie  in- 
fluence of  acids.,  a  process  largely  oarvied  on  in  Frnuco 
aa  a  ccmnaei'eial  manufucture.  It  OMUVa  naturnlly  iu 
many  vegelablc  juices  and  iu  honey. 

Compared  witli  -Ciinc  sugar,  it  is  mnch  leBB  soluble  in 
■water  and  less  tlispoecd  lo  crystallize.  It  requires  IJ 
parts  of  H  ater  for  tioliition.  It  may  be  distinguished  by 
its  action  H'ith  caustic  filkalics  and  sulpliai'ic  acid,  the 
former  turning  it  brown  and  the  latter  dissolving  it 
wiUiout  biackeuing,  while  cane  sugar  is  little  acted  on 
ill  the  former  instance  and  lil.icltencd  in  the  latter.  Tlie 
two  varieties  may  also  be  distinguished  by  being  mixed 
with  a  solution  of  sulphate  of  copper,  to  which,  if  a  so- 
lution of  caustic  potaHsa  be  added,  blue  liquids  are  ob- 
tained, and  these  being  heated,  the  grape  sugar  throws 
down  fi  green  precipitate,  whieh  turns  deep  red,  the  so- 
bilion  being  lert  colorless.  The  cane  sugar  alters  very 
slowly,  a  rfd  precipitate  grndaally  forming  and  the  liquid 
remaiuiiig  blue.  Grape  sugar,  like  cane  sugar,  givesTi'ith 
common  salt  n  crystallized  compound.  Wiien  heated  to 
212"  it  loses  two  atoms  of  water  and  becomes  C'^^Ifi^O^^. 
At  S84;°  it  passes  into  caramel,  C\^^^0^,  and  at-  a  liigh- 
er  temperature  is  decomposed. 

Grape  sugar  'and  milk  sugar  possess  the  interesting 
properly  of  cituaiug  the  rcdnction  of  silver,  as  a  metallic 
lihn,  from  aiumoniacal  solutioua  of  tbo  nitrate  of  that 
metal. 

J/v7i  iSiii/ar — Xactine  (  C^^I^,  — may.ba  obtained 
by  evaporating  whey  to  a  sirup,  and  the  cvystaU  which 
then  form  are  to  be  purifiefl  by  animal  charcoal.  It  is 
sparingly  soluble,  requiring  five  or  six  times  its  weight 
of  water.  The  crystals  are  gritty  between  the  tcetb. 
It  is  tlirough  tho  alcoholic  fermentation  of  this  body 
tbat  the  Tartars  produce  intoxicating  milk — konroisa. 

WUhl  nro  ilio  BOurces  ofEmpc  SHRiir?  What  nro  Us  proptrtiee 
pompareil  wiili  canu  sugar?  Doscribe  ilia  respective  rcnctlona  wilh 
Gni]jh[iic  of  copper  and  raaatic  putassn.  IVhac  Eiibsiniicea  can  re- 
ducc  sUvEr  fiB.  eiss&l  How  u  milk  eugnr  prepared?  Whnt  are  iu 
ttoperlies  ? 
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Besides  the  foregoing,  there  arc  several  Fubordinate 
Tarictiea  of  BU^ar,  araorig  which  may  bo  cited 

Ergot  Sueur.  C,^ijO,a, 

Eufulypiua  Sogar  t'laf nt>,  „ 

and  others,  as  honey,  liquorice  Bugar,  and  mushroom 
sucar,  ov  iiinnniti?. 

Gdm. —  (rum  Arabic  ia  obtained  from  several  species 
of  the  mimosa  or  acacia,  from  the  bark  of  whii:li  it  ex- 
udes. It  ia  in  while  or  yellowish  tears  of  a  vitr<:ons 
aspect.  It  dissolves  in  cold  water,  forming  mucilage, 
from  wtiich  it  may  he  precipitated  pure  as  Arabine 
( C^^IT^  0||)  "by  ak'ohol.  Arabinc  jirodiices  arabiuatea 
with  several  meMllic  oxides,  as  those  of  lead  and  iron. 

Sassorine,  is  the  principle  of  Gum  Traffacantk.  It 
does  not  dissolve  in  water,  but  merely  forma  a  ■jellv-like 
mass.  With  this  substance  should  be  elaased  Pecii/ie 
( QiiT^aOfl,),  the  jelly  obtained  from  ciirrauts  anil  oilier 
fruits.  It  fnrnishes  Pertic  Acid  {C'^II^^O^,  2lZ0)  by 
the  .iction  of  b.ises. 

Gelms  is  the  gelatinizing  principle  of  Algse,  Fiiei, 
and  Lichens,  It  is  known  a.s  Jiipau  Isinglass,  and  dif- 
fers fi'ora  animal  gelatin  or  isinijlasa  ia  not  putrefying 
nor  preoipitatinu:  with  taiinia.  It  containa  no  nitrogen, 
being  "^^e  birds'  nests  nsed  in  China  for 

goiip  are  constriitted  by  a  species  of  swallow  from  iliia 
Eubatance. 

LiGXiJJE. — This  substance,  with  CeSulose  and  other 
bodies,  forma  the  woody  fibre  or  ligneous  tissue  of 
plants.  It  occm's  in  a  state  of  purity  Ui  the  fibres  of 
lino  linen  and  cotton,  and  ia,  as  is  well  known,  of  per- 
fect whiteness,  insoluble  in  water  and  aleohol,  and  taste- 
less. Its  specific  gravity  is  about  1.5,  and  its  dnraldlity 
turns  on  the  associaUcm  of  rcsinSt  tannin,  etc.  Those 
kinds  of  wood  which  would  otherwise  decay  rapidly 
from  the  absence  of  such  preservatlveSj  may  be  kept  by 
miScially  inti-odiicing  into  their  jjores  solutions  of  cor- 
rosive BubliinaCe,  arsenic,  chloride  of  zinc,  tar,  etc. 

Strons  and  cold  sulphuric  acid  converts  linnine  into 

Whiii  oTiier  vnrietioa  of  Hiignr  nra  tliei^?  IVherico  is  Riini  Jipjvbic 
pTOClll-ei!  ?  Whnt  nri!  ils  priipertics  ?  Wlinl  h  lliu  sniirte  of  buEso. 
Hun  aiiiJ  [id-linp  ?  Wlint  h  Kc'iwe?  \Vlicr->  ifl  Uixriinc  foiimf  ? 
How  mny  vruod  bo  proserveJ?  Wbat  in  ihe  action  of  sulpburic  acid 
□n  ligaine? 


SIODIFICATIOSS  OP  GUGAIL 


39? 


dextrine,  aa  may  be  showci  by  adding  to  that  liquid 
pieues  of  linon,  takinjj  caris  tlmt  the  temp ernt lire  does 
not  rise  bo  aa  to  LlaL^ktn  the  niixtiire,  wliitb  is  to  be 
ivcii  etiri'L'd  and  sitfttrcd  to  Ptaud  fur  a  time.  On  AlS' 
sokirig  it  then  in  water,  and  neutralizing  by  the  addi- 
tion of  chalk,  dextrine  is  ol)ta.ined ;  or  it',  before  neutral- 
izing, the  solution  be  well  boiled,  grape  sugar  is  pro- 
dnced. 

Parchment  paper,  a  valuable  subslitute  for  paroli- 
ment,  is  made  by  steeping  unsized  paper  in  n  mixture 
of  eqiiftl  pai'ta  of  sulphuric  acid  and  water  at  a  lemper- 
Bture  of  60°. 


LECTURE  LXXr. 

Action  of  Agests  ojj  the  Stakcu  Group. — jletion 
of  Sulphuric  Acid  on  Sugar. — Action  of  Lime  on 
Sugar. — Pi-odnction  of  Oxalic  Acid. — Properties  cf 
Oxalic  Acid.- — JCs  Constltutiofi. — Its  l^a[ts.~- Sac- 
charic Acid. — Mncic  Acid. — Pyroxyliiie,  its  Prepa- 
ration  and  Properties. 

In  the  preceding  Lecture  ve  ha.\e  explained  the 
■change  of  aiardi  into  sugar,  and  of  li_srninc  into  dex- 
trine, under  the  influence  of  snlpbrtric  acid.  In  tho  veg- 
etable world  there  can  bo  no  doubt  that  these  and  oth- 
er similar  modifications  arise  from  the  action  of  many 
causes.  On  inspecting  the  conatitutiou  of  this  group, 
it  will  be  seen  that  in  theory  this  is  to  be  done  by  the 
addition  or  abstraction  of  water. 

AYJiGU  melted  grape  sugar  ia  jnixed  ■witb  strong  sul- 
pliuriii  acid,  and  the  diluted  solution  neutralized  with 
carbonate  of  baryta,  the  sulphos-iccharato  of  baryta  is 
found  in  the  solution.  Sulphas acchuric  ^ciW is  a  sweet- 
ish liquid,  readily  decomposing  into  Bugar  and  sulphuno 
acid. 

When,  in  tho  process  of  converting  cane  sugar  into 
grape  sugar  by  boiling  with  sulphuric  acid,  tbo  action 
is  lonfT  continued,  a  dark-colored  enbaltince  is  formed, 
consisting  of  two  different  bodEes,  Tlhninc  and  I'lmic 

How  ia  pnrcliment  paper  mnilc?    How  nrc  ■chnnRca  in  tV,  st.wtv.'sv 

grgup  theoreticnlly  eftecied  f   How  sva\v^*ismi:'\\m\'; 
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Acid,  fiv,  aa  tliey  nrc  tcrnied  "by  Liebig,  Sacclmlmhie 
and  Sacchulmic  Ai;id.  The  latltr  is  converted  into  tlie 
fyrnier  Ly  contiiiuud  lioiling  iu  water. 

Wlicn  a  Bolutioii  of  gvapo  Silgar  coDtaiDing-  lime  is 
kept  loT  some  time,  the  alkaline  reaction  of  the  lime 
finally  iliaa|j|tearstlirougii  the  loiinat ion  of  Ghic-ic  Add, 
tlic  coiiBtitutioa  of  wliicli  is  (C'l^i/s  0^+3^0),  Un- 
der till!  influence  of  licnt  it  becuiDea  Aporjhwic  Acid 
( C'laZ/fl  Ob+2110).  Glucio  acid  is  soluble,  deiiquesiiGHt, 
of  u  B01U-  tasle,  and  yields,  for  the  raost  part,  soluble 
salts.  If  grapo  eiigar  be  boiled  with  ]iota&&a  water,  it 
be-eomea  dark  from  the  fornialion  of  glucic  acid:  ibis 
id  Jiloorcs  Teat  for  grnpo  sugar.  A  dark  eubntnnce  is 
precijiitiited  by  au  acid  from  this  boIuuod — Melasimc 

Afki  {C^^irAy 

These  are  Rome  of  llie  less  important  results  oi' iLe 
nctiou  of  acid  and  alkaline  bodice  on  lie  starch  group; 
there  are  others  of  far  more  interest. 

Oxalic  Acid  {C„0.^,  H0-^2Ag).—0%n\\Q  acid,  found 
in  nmny  plaiila,  as  sorrel  (Oxalis  acetoeell a),  is  formed 
artilicially  by  the  action  of  niti'ic  acid  on  starch  or  sng. 
ar,  or  any  other  of  the  etarch  group  except  gum  and 
sugar  of  milk.  One  part  of  sugar  is  to  be  mixed  wilh 
four  of  iiitric  acid  and  Iwo  of  water;  carbonic  oxide  and 
carbonic  acid  are  evolved.  The  nitric  acid  is  to  be  dis' 
tilled  oft'until  the  residue  will  deposit  crystals  on  cool- 
ing. These,  bting  collected,  are  to  be  pnrilied  by  redis- 
solving and  cryfitallizing.  Oxalic  acid  may  be  also  nian- 
nfiictiii-ed  Very  economically  from  eawduitt,  by  n-iixing  it 
■with  hydrate  of  pota^sa  and  soda  in  solution.  The  miX' 
tiii'e  becomes  soluble  in  water,  and  must  then  b-e  raised 
to  400°  fov  soma  hours.  Subsequently  the  he.ll  is  iu- 
crensud,  but  not  to  the  point  of  destructive  diplillatioD. 
The  result  is  a  mixture  of  ihe  oxalates  of  potat^sa  nnd 
soda.  Two  pounds  of  sawdust  yield  one  of  oxidic  ncid. 
Thus  prepared,  it  is  consLUued  by  the  ton  for  calico 
pi'iniing,  dyeing,  and  blGaching. 

The  crystals  of  oxalic  acid  are  oblique  rhombic  prisms, 
more  soluble  iu  hot  than  cold  water,  of  an  intensely  acid 

Wlicn  lie  SHCfliulmine  nnd  sncchnlmic  acid  arise?  How  ore  glu.. 
ric  and  ii|Hi[rl(icic  iirids  mnilt  ?  Iliw  is  osnlic  atid  an  i  fid  nil  y  f<jini- 
C(l?  Di^EiTibc  ilio  iivodnciiiin  of  nsnlic  ttwd  from  wtivdiist.  Whal 
arc  tlic  propcrUon  of  cry  stallized  oxiilic  acid  ? 


DEcosiPoemoN  uv  oxauu  acid. 


taste,  aiiJ  poisonous  to  animalji,  dcnth  beinij  pvoi3u.ce<1  in 
a  tew  minutes.  Clialk  or  niaguesia  is  tiie  antidote.  Tim 
ci'ystals  contain  one  equivalent  of  saline  watei'  and  two 
of  wator  of  cryBtalliziition,  Tlic  latter  may  be  i"eiiioved 
hy  exposure  to  a  low  lient,  tlie  crystals  tlieu  becoming  a 
wliitG  jjowJev  and  subliining  witliout  ditKuulty.  Any 
attempt  to  remove  the  siilitio  ^'ster  mid  isoLnte  tlie  ox- 
alic ftcid  (iia  C^O^  leaJa  to  its  decomposition,  Tlius, 
when  the  said  is  Lented  with  oil  of  vitriol  total  decom- 
position results;  equiil  volumes  of  carbonic  oxide  and 
carbooid  acid  are  set  IVee,  for  tbe  eonsUtulioii  of  oxalio 
acid  is  such  that  wo  may  regard  it  as  composed  of  an 
atom  of  eacli  of  these  bodies. 

Upon  tbla  fact  is  founded  one  of  Uie  metboda  of  pre- 
paring carbonic  oxide.  The  gae-  j^-y.  soi. 
eons  mixture  which  resultB  from 
the  action  of  tbe  oil  of  vitriol  in  the 
flask  a.  Fig.  301,  is  passed  through 
a  bottle,  6,  containing  potnssa  wa- 
ter, which  absorbs  the  carbonic  acid, 
and  the  carbonic  oxide  may  be  col- 
lected at  the  water-trougb. 

The  production  of  oxalio  acid  fi'om  sugar  by  nitric 
acid  la  due  to  the  replnceinent  of  hydrogen  by  an  er[uiv'- 
alent  quantity  of  oxygen. 

that  is,  one  atom  of  dry  sugar,  with  eighteeu  of  oxygon, 
yield  six  of  oxalic  acid  and  nine  of  water, 

Sall't  of  OmUc!  Acid. 
There  are  three  potassa  ealts:  1st.  J^eutral  Oxalate 
of  PQtassa,  made  by  neutralizing  oxalic  acid  with  car- 
bonate of  potassa,  crystallizes  in  rhombic  prisms,  soluble 
in  three  times  their  weijiht  of  water.  Sd.  BinoTalnte  of 
I^ulasaa,  made  by  dividing  a  Bnlntion  of  oxalio  acid  inlo 
two  parts,  neutralizing  one  with  carbonate  of  potassa 
and  then  adding  the  other.  It  crystallizes  in  rhnmbic 
prisms,  has  a  sonr  taate,  dissolves  in  forty  parts  of  wa- 
ter, and  is  found  naturally  in  ni«n y  plants,  as  sorrel  iind 

What  ehiinge  inkcs  [ilnce  when  l1io  water  of  cry  stall  w  si  tinn  is  driv- 
en off?  Descrilin  ihe  (jrodnclion  uf  ciiibonie  '■sida.  Name.  tUe.  v*- 
taai&  Bahs  of  oxalic  acid.    Huw  aca  they  ti\a>ic% 
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rhnljflr'b.  3d.  Quadroxnlatc  cf  Potasart,  Tnatlc  Ity  divid- 
ing a  solution  ol'  oxalic  acid  into  four  parts,  naturalizing 
OMR  and  adding  the  rest.  It  crystallizes  in  oetiiiiGdra, 
and  is  less  soluble  than  eiltifcr  of  the-  foregoing.  These 
Baits  nru  80iH«tiinee  used  for  the  remov^  of  iok  etains 
from  linen. 

Oxalate  of  j1»ijhotij(t,  prepared  by  nentralizing  a  hot 
eoliilion  of  osalic  acid  willi  mi'bon^tc  of  amtiionia.  ll 
crystallizes  in  rhombic  prisms  which  are  efltoreBCCiil. 
Its  solution  is  used,  as  has  been  already  Btated,  as  a  test 
and  precipitant  of  lime.  Wlien  exposed  to  heat  in  a.  re- 
tort, it  is  for  the  most  part  decomposed  into  water,  am- 
monia, carbonic  acid,  cj'aoogfn,  and  other  compounds; 
but  ii  Bocciilent  substance  called  Oxamide  also  sublimes, 
tba  eonsiitmion  of  which  is 

that  ia,  containing  the  constituents  of  one  atom  of  nmid- 
ogcn  and  two  of  carbonic  oxide.  This  reranrliable  siib- 
etaiice,  when  boiled  witli  potassa,  yields,  tbroiigb  the  de- 
composition of  water,  oxalate  of  potassa  and  ammonia. 
Oxamic  Acid,  CtffjOgN',  ia  one  of  the  results  of  the 
(testriictive  distillation  of  bino-talate  of  ammonia  at  450°. 
It  19  a  yellowish  powder,  wbich,  boiled  in  water,  is  re- 
converted into  binoxalatc  of  ammonia. 

Ox(tktte  of  Lime  occnrg  naturnlly,  foming  the  stele' 
tot)  of  many  lichens,  and  also  as  Maphidea,  crystjilline 
bodies  found  in  the  cells  of  plants.  Mulberry  calculi 
are  composed  of  it.  It  may  be  obtained  by  precipita- 
ting .1  liine-salt,  as  has  just  been  En.id.  It  is  soluble  iu 
nitri-c  acid,  and,  ignited  in  a  eovered  crncjlilc,  is  con- 
verted into  carbonate  of  lime,  and  finally  into  quick- 
lime. When  dried,  this  salt  stands  at  the  bodJ  of  sub- 
stances which  become  posiiivo  by  friction. 

SACCiiARic  Aan  (CisZ/jO,, -|- 5i/0),  Oxalhydr-ie 
Acid,  is  toade  by  the  action  ofdiluto  nitric  acid  in  sug- 
ar.   It  is  a  penlabasic  ncid, 

KnoiiizoNic  Acid  (C-,0t  +  5H0)  is  obtained  by  the 
.icLifin  of  potassium  on  carbonic  oxide  at  n  red  heit. 
When  boiled  it  chansrea  into  Oroconir.  Acid,  a  yellow 
body  liavinfj  the  eoiislitnlioii  C^O^  +  HO. 

Dcscrilie  ilie  pro|ipnica  nf  nyalnio  nf  Mnmofrin.  What  is  osn- 
miiie  ?  Wlint  is  oxnmic  nHil  ?  How  does  (i.xnlntD  of  lime  oceui-P 
How  are  saccUaHc  find  rbodizcinic  acids  tnaJu? 


GUN-COTTON. 
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Mucic  Acid  (Vj^UgOj-i-'iJTO),  obtainenl  hy  tho  ac- 
tion of  dilute  nitrio  auitl  on  giitn  or  sugar  of  miik,  as  in 
the  prepnraliou  of  oxaJiu  nuiil  by  other  meinbti's  of  llie 
slari;!]  group.  It  requires  sixty  times  its  weight  of  wa- 
ter for  solution.  Decomposed  by  heat,  it  yielda  pjTO- 
niiicic  acid. 

Xyloiiiine  (fei7,0„  NO^,  made  by  tlie  action  of 
nitric  acid,  specific  gravity  1.5  on  starch,  which  is  con- 
verted into  a  gulaliiioiis  body,  and  yields  this  suljEtanco 
as  a  white  precipitate  when  acted  on  by  w.itcr.  Its  or- 
igin is  apparent  from  &  comparison  of  its  formula  with 
that  of  starch.  XyloidiiiO  Is  insoluble  in  boiling  water, 
but  by  the  continuod  action  of  nitric  acid  changes  into 
oxalic  acid;  100  parta  of  starch  yitld  128  of  xyloidiiie. 

Gpn-CottOs — PyroxyTine,  A  remarkable  componnd, 
proposed  in  1848  as  a  eiihstitute  for  gntipoivder  by 
Suhonbein.  It  may  be  prepared  by  the  action  of  inono- 
liydratcil  nitric  acid  on  cotton,  iiapov,  or  sawdust,  and 
Btill  more  conveniently  by  a  inixtiiie  of  nitric  acid,  spe- 
cific gravity  1,5,  three  parts,  and  sulphuric  acid  fivo 
parts,  on  those  substances. 

It  may  also  be  made  hy  Boaldng  cotton  for  a  few 
Tiiinutca  in  a  mixture  of  pulverized  nitrate  of  potassa 
.and  oil  of  vitriol,  washing  the  result  in  hot  wafer  to  freo 
the  cotton  from  the  potassa  salt,  and  finishing  the  ivash- 
ing  by  a  wenk  solution  of  aminoiiin ;  1 00  parts  of  cotton 
yield  1"0  of  gnn -cotton.  Gun-cotton  apptLirs  white 
like  ordinary  cotton,  tho  fibre  being  little  changed;  it 
is  harsh  to  tho  tollch  when  dry,  highly  electric,  and  ex- 
plodes when  heated  to  400°,  or  when  struck  by  a.  ham- 
mer. Its  mechanical  force  much  exceeds  that  of  gun- 
powder, but  the  snddeunesa  of  its  explosion  has  hith- 
erto rendered  it  difficult  to  replace  powdcv  by  this 
substance.  Baion  Leuk,  under  the  auppiees  of  the  Aus- 
trian government,  has  carried  on  a  scries  of  experimenlB 
for  this  pnrposc, 

A  special  variety  of  gun-cotton,  possessing  the  ex- 
plosive property  in  n  minor  degree,  but  completely  dis- 
solving in  ether  and  alcohol,  and  forming  ft  Bolulion 
called  Collodion,  is  extensively  used  as  .i  photographic 

How  is  mucic  aeid  mmle?  How  is  xylnjUiiiR  ihbiIp,  mid  wlini  arc 
ilB  propGitios?  How  is  pyroxiline  made?  Give  anotlier  process. 
How  docH  it  tcunpiLre  with  gunjiowder?    "Wlial  \a  tcftoKv"™'* 


c£"r  r'''<'to?r:i|tliifl  pyroxylino  requires  many  pro- 
«^UlJoris  ill  its  manulacture,  iintl  aLteiition  must  be  par- 
ilCHlftrly  cJii'cotod  10  ihc  Rjieqilif.  gravity  of  tlie  auiiis, 


WtiL'Ti  tlie  loraperatiae  baa  fiilleii  to  1  30%  five  draclinia 
ft  coiiou  are  lo  bo  addud  tuft  by  tuft,  aod  kept  iu  Ud 
ininiites.  Tho  cotton  musl.  on  removal  from  the  vessel, 
bo  Well  proaaed  .itij  washed.  The  qualities  of  tlie  col- 
luilioH  as  lo  teiiacityt  transparency,  etc.,  depend  princi' 
liully  OH  the  trun-colton.  For  its  use  in  photogiajjby, 
see  LetiUre  XXIV. 

I'yrosyline  is  proiio  to  spoutnneoiis  deeornpositioti, 
with  the  evoltilion  of  nitrous  acid.  It  is  to  be  refrnrii- 
ed  as  the  nitrite  ol' an  organic  base,  having  the  t'opm- 
ulii  (Ci,[Zfi8_{A'0,),0.„]).  It  is  a  substitution  cum- 
lifiiilirl,  ill  -which  four  Atoms  of  hydrogen"  of  cclliilos&, 
Cai/A|jOao,  avo  replaced  by  four  of  nilvouB  acid, 


LECTURE  LXXn. 

ilETAMOKPU'OSES  OF  THE  StABCH  GkOPF  BT  NrTROGKS- 

IXKD  Feesiknts. — A-etion  of  Leamn. — Bread. — Fer- 
t/tciitatian  of  Sitf/ar.  —  Yeast. — MaMnr/  of  Abi(fholh 
Prc.pnnUims. — iPi  rmmts. — Efftcl  of  Temperature  on 
J'^nnentatUm.  —  Natitrd  of  Mrments.  —  Makbig  of 
W!iie.  —  The  Souqmt. 

In  Iho  preceding  Lecture  we  Iiave  traced  the  action 
of  t3lO  tnorc  powerful  inorgauic  age-nts  on  tllG  aiitylos, 
and  scan  how  a,  variety  of  bodies  of  JiStrent  characters 
ni'isc,  some  of  whicli,  as  oxalic  add,  are  of  very  consid- 
erable iniporlnnoe. 

Hat  there  is  another  system  of  changes  which  can  bo 
impressed  on  this  group  of  bodies  fur  more  cuiious  in 
its  nature,  and  lenAiug  to  far  more  inipoi'tant  Tcsiilts. 

\Vlicn  flnuv,  made  into  a  ))aste  with  water,  ia  broiijrht 

BB?crilio  ilie  m  an  u  fat  lure  of  photogrnphic  pyrwiyline,  Whai  ia 
ttiQ  cIiemicAl  nature  of  gijraxylliiu  ? 
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ill  coDlact  with  leaven^  that  la  to  eay,  a  sitiitlai-  dongh, 
Hndei'going  ao  iucipLHUt  putrefactive  ferine utatioii,  at  ;t 
temijeiature  of  60°  or  70°  bubliliss  of  gas  are  diBeti- 
gageil,  the  paste  swells  np,  and,  whtn  baked,  Ibrms 
leavened  bread.  This  ancient  process,  wliiuh  is  now  in 
use  all  over  the  world,  depends  on  the  action  of  the 
cliaDging  leaveo  teing  propagated  to  the  sugar  which 
tlie  flour  contitins.  Urn  sugar  is  resolved  into  alcohol 
and  carbonic  acid,  the  formev  of  which  may  be  obtaiued 
by  rfistiliing  the  dougli,  and  the  bubfelea  of  the  latter, 
entrnppEd  in  the  yielding  mass,  give  to  the  bread  tlia 
lightness  for  which  it  is  prized. 

But  the  pTODGSs  may  be  better  traced  by  obaervint; 
the  plieiioraena  of  alcoholic  forinenlfttioii  in  the  case  of 
pure  sugar.  If  we  take  a  soliuioa  of  sngar  in  water,  it 
may  be  kept  for  it  length  of  time  without  undergoing 
any  chancre;  but  if  nitrogenized  matters,  Bueh  .13  blood, 
albuinenj  leaven,  etc.,  in  a  state  of  putrescent  decay,  be 
mixed  with  it  at  a  temperature  of  70°,  the  sugar  rapidly 
disappenra,  carbonic  acid  is  given  off,  and  aleobol  ia 
fonud  ill  t!ie  solution.   The  chfinge  is  obvious. 

that  is,  one  atom  ot  dry  siig.ir  yields  two  ol  alcohol  and 
four  of  carbonic  acid.  The  final  action,  Lliei^efore,  of 
the  ferment  is  to  Bpht  the  engai-  atom  into  carbonic  aaii 
and  nleohr>h 

Of  ail  fermenta,  Yeasty  for  these  pnrposcs,  is  the  most 
poiverfid.  It  ia  a  substance  which  arisea  dnring  the 
lermentation  of  beer.  The  active  part  of  yeast  ia  com- 
jiosed  of  minute  cellsj  ivhich  germinate  to  produce  a  mi- 
ci'OBCopic  fungus,  the  Tornla  cerevisiffi.  It  ia  probable 
that,  in  the  various  sugars,  the  first  action  is  to  bring- 
them  into  the  condition  of  grape  sngar,  and  thee  the 
metamorphosis  ensues. 

By  jin  analogous  transformation  of  the  sugar  contain- 
ed iu  fruitH,  different  wines  and  intoxicating  liquids  are 
formed.  Thus,  if  we  take  the  expressed  j  nice  of  grape* 
whicli  has  not  been  exposed  to  the  contact  of  the  air,  it 
may  be  kept  for  a  length  of  time  without  change ;  but. 

VfhcLt  is  leaven?    What  effect  liaa  it  on  dough?    WImt  k  the 

cnitss  of  llie  ferineniation  ?  Fleambe  llie  altolinliu  fi.Trnpntiilinn  c( 
augar.  Give  lha  fonoalna.  Whiit  is  jeastf  Deacribo  ilia  chau.?^ 
in  ^Tope-jaice. 
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if  a  Biuall  quantity  of  oxygen  he  admitted  to  it,  fuvmenta- 
tion  at  once  ecta  in,  Ujc  grape  Bugar  <]imiiiishes,  aod  al- 
cohol comes  ic  ila  stead,  carbonic  acid  being  disengaged, 
and  llic  uitrogeiiizcd  ferment  being  deposiled.  If  a  so- 
lution of  pure  6ugar  bo  added,  it  ia  involved  in  tie 
cliangp,  and  portion  after  portion  will  disappear;  but, 
finally,  the  ferment  itself  is  exhausted,  and  then  any  ex- 
cess of  sugar  remainB  unacted  on.  By  the  aid  of  ajar 
upon  tho  mercurial  trougli  thesG  ohanges  may  be  made 
inatiifest. 

It  is  obvioHB  that  the  priniaiy  action  ia  a  cliang«  in 
the  feriHGDt,  and  tho  moment  its  particles  arc  set  in 
motion,  the  rnolion  is  propagated  to  tlie  adjacent  l>oily, 
tlio  pai'lides  of  ivliich  Biibmit  in  succession,  ami  ihere- 
{are  llie  fermentation  is  ii&t  a  sudden  action,  but  one 
reijuivlng  time.  Moreover,  It  ia  plain  that  the  action  is 
limited  ;  a  given  quantity  of  foi'ment  will  transmute  only 
a  definite  qiiatility  of  sugar. 

The  ferments,  or  hodies  which  possess  tliis  singular 
quality,  are  nitrogenized  bodies;  and  iriuGmuch  as  non- 
nitrogenized  bodies  never  spontaneously  ferment  while 
oxidizing,  we  impute  the  qiiahticB  in  queetion  to  the  ni- 
trogen. 

Temperature  lias  a  remarkable  control  over  ferment 
action.  The  jnice  of  carrots  oi  beela,  fermenting  at  50°. 
will  yie'ld  alcohol,  carbonic  acid,  and  yeast;  but  the 
same  juiws  fermenting  at  120"  produce  lactic  acid,  g«m» 
and  niannite.  Under  these  circuniBtances,  therefore,  al- 
cohol is  the  product  of  fcrtncjitation  at  low,  and  lactic 
acid  at  high  temperatures. 

But  when  milk  ferments  at  50°  lactic  acid  ia  llie  chief 
product,  while  at  80°  the  casein  acts  like  a  yeast  fer- 
ment, the  milk  sugar  becoming  transformed  into  grape 
BUgar,  and  then  resolving  itself  into  alcohol  and  car- 
bonic acid.  In  this  iiistaiicQ  the  action  ie  the  reverse 
ofthefffrmer,  lactic  acid  being  the  product  of  alow,  and 
alcohol  of  II  high  temperature. 

A  very  remarli.ible  decomposition  takes  place  ivlion 
casein  ferment  acts  on  sugar  at  80°  in  presence  of  car- 
hnnate  of  liinu!.    Under  these  circnmstances,  carbonic 

WlinC  is  the  cvemiial  res.nk?  What  ia  tha  ncti™  of  ilio  ferment  ? 
Wli.nt  cli'mpnc  dn  all  fermenui  pnnlflin?  Wliat  etToct  hiis  Ifitijx-ra- 
turi'?    Wbnt  difference  is  tlicru  in  its  cflcct  on  bcct-juiL-o  uni)  mtlk? 
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acid  gas  a.T\<i  hydrogen  nre  evolved,  and  Butyri'i  Acid 
appears.  On  com]mi'ing  tlic  coosutution  of  bu lyric  Jiuiil 
with  alcohol,  il  will  'be  fieen  lhaC  tlie  laUer  conUiiiis  the 
elements  of  the  furnier,  with  an  excess  of  hydrogen,  so 
that  during  this  fermentation  the  alcohol  atom  is  divided. 

In  the  aceious /ermentalion  of  alcohol  the  alcohol  nh- 
Borba  four  equivulenta  of  oxygen,  and  ia  resolved  into 
owe  of  acolic  iicici  and  two  of  water, 

CJI,  0.+  0^=  CJf, 0,+2M0. 
This  chftnga  only  takt's  ptaee  iu  the  presence  of  decay- 
ing nitrogenized  matter. 

AH  ferinenls  possess  certain  properties  in  coiiinion, 
bm  each  haa  its  specific  powers,  and  producls  which 
are  evolved  differ  in  dliJ\;rent  cases.  !Most  commonly 
the  activity  of  these  Lodics  is  excited  by  an  incipient 
oxidation,  tho  results  of  which  would  be  to  bring  the 
farmeiit  hself  to  a  aimple;r  constitution.  In  thts  respect, 
therefore,  the  first  stage  of  fermentation  is  a  combus- 
tion at  common  temperatures,  or  an  ereraacausls  of  the 
ferment  itself;  bnt  this  action  ia  speedily  propar;aled  to 
the  surrounding  masa,  which  bGconiea  involved  in  the 
change.  Whatever,  therefore,  prevenla  the  incipient 
oxidation  of  the  fernient  pnta  a  stop  to  the  whole  pro- 
ceaa.  By  raising  their  temperature  to  212°,  and  then 
cutting  off  the  access  of  air,  substances  which  -wonlfl 
Otherwise  undergo  a  very  rapid  change  may  be  kept 
for  any  length  of  time  withont  alteration.  On  this  prin- 
ciple, meats,  milk,  and  other  vi.anda  may  be  preserved, 
an  is  seen  in  the  case  of  canned  fruits,  vegetables,  etc. 

We  have  now  pointed  out  the  pecnUarilies  of  fer- 
mentation, showing  that  two  successive  stages  may  be 
traced  in  the  process,  the  first  arising  in  the  oxidation 
of  thefermeiit,  by  which  its  molcculea  are  decomposed  j 
and  the  second,  which  consists  in  tho  propagiition  of 
this  niovoment  to  the  surrounding  paiticles,  upon  which 
changes  .are  irapressed,  ihe  nature  of  which  differs  with 
tho  temperature  and  the  specific  action  of  the  ferment 
itself.    In  fermentations  the  actual  contact  of  the  fer- 


Untler  ivhnt  circuni Glances  do&s  bulyric  arid  nrise  P    Bcacribo  the 
ctinngo  dnrinn  lha  ncelous  rermentnl.ion.    Wlml 'm  tlio  nnlure  of  a 
ferment  ?    Wlial  effect  has  high  tpin|iGriilnre  on  fyimanlaf  IVhat 
Bingca  niQ  thorc  in  tha  action  of  fBrmenca  ?    Is  conieA^  ^  >.Nv% 
moni  necessary  ? 
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nivnl  il*elf  >8  essential ;  if  it  )>e  separated  hy  a  dia- 
])lirniitii  of  bibulous  paper,  the  action  is  not  propagated. 

\Viii«  is  Tiiaila  from  the  expressed  juice  of  giap^ 
wbivli,  cotitaiiiiiig  a  mii-ogenizeil  body  {aJbiimeo),  woen 
«\[Hisi-J  to  the  air  Hiiilprgwes  spoataoeous  fermeniatiaD; 
tlio  coui-su  ofllie  action  b^ing,  1st,  the  oxidatioo  of  the 
vvgclable  iilbum«o  ;  2d,  the  propagation  of  its  acdoB  to 
lha  yrapB  suyar.    If  the  aagar  be  Tn  excess,  the  wine  re- 
maiiia  swwl ;  if  tW  albumen  be  in  excess,  the  w-ine  is 
dvy.    nio  witip,  03  soon  as  the  first  action  is  qvqt,  is  re- 
niiivcil  iinoo:L<ks.  Tiie  pr«ser>-atioQ  of  a  cerlaio  amoaut 
fc©i'oarljf.tiio  ueitl  irt  Bolutioa  givee  rise  to  the  effervescence 
Haven  in  Chaiiipagno.    Durijig  these  changes,  the  bi(ar- 
■  trato  of  poUis^  which  cxi^^ls  natural!)'  in  grape-juice, 
B«iiJ  wlilcli.  though  sparint;!)'  soluble  in  water,  is  much 
B^iH  so  in  alcohol,  ia  d^i-^ositeO.    It,  goes  under  the  oanie 
l^ir  Arijol.    Most  other  f rait- juices  contaia  free  acid, 
BHch  iw  innlio  or  citric,  anJ  hence  good  wine  can  not  he 
niiwli}  tVoin  ihein,  because,  it"  all  the  sugar  be  removed* 
tlioy  possi'ss  a  eliarp  tusie;  and  if,  as  is  commonly  the 
cnsf,  i\  vrliun  be  lett  to  correct  the  acidity,  it  is  liable 
lo  run  into  n  second  funuentatioD. 

Tliu  t>t>uquet  of  wine,  a  substance  having  the  charac- 
toi'8  of  ftti  essential  oil,  is  partly  iiatni-al  lo  the  grape 
and  partly  a  result  of  ferraeiitalioii.  It  has  been  repre- 
Bt'nU'd  aa  a  iriie  other,  n  eoiiibination  of  oxide  of  elhyle 
aud  *i>ii!"itliio  jic-iJ,  C^f^ll-^gOy 

Iiiloiior  liquors,  sm-li  as  dder,  perry,  etc.,  are  made 
ftom  other  veireiable  juices,  as  those  of  apples  and  pears. 
Beer,  porlor,  aiid  alo  arc  made  from  an  infusion  of  malt, 
jk  is  barley,  a  portion  of  tlie  starch  havini^  been 
P  trsmrtiiHiled  into  sugar  by  paninl  germination.  The 
pnncil'U'8  ol  the  fenuenlatioii  are  in  all  tlieao  cases  the 
ita  111  

■What  i«  iho  recTOPni  ii,  tase  of  vfine?  Whoa  is  ilie  wine 
Ik  ■woptiinJ*'if^'"3'y,^  "WliBtUnrKol?  What b  iho bonqnet?  What 
H     Brt  Iwef.  I'Oi'l''^'  ""'^       niiide  from  ? 
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LECTURE  LXXIIT. 

rCfiE  Derivatives  op  Fersientatitb  I'hocesses. — Al- 
cohol.— Its  Properties. — Its  Mcistcnce  in  Whiea, — 
Lactic  Acid.' — Prodicctioii,  and I^operdes. — Sidpliw- 
ic  Etker. — Preparation  ami  Properties. — 77(1;  lEthyk 
Gvoiip, —  CVlloritley  Jodide,  etc. —  ilUnatithic  J^thar, 

Alcohoi.  {Hf/draief?  Oxide  ofE(hyk),  C^H^O^. 
I3t  the  distill  all  oTi  of  wioe  or  atiy  olhcr  fGi'mented 
eincchaviue  juice,  spirits  of  ivine  may  bo  t^Ijtained,  As 
lirst  prepared,  it  contains  £i  large  quantity  of  water, 
Avliiuli  comes  over  ivitli  it.    Tljis  (jroJiict,  being  recti- 
fied, and  the  firBt  portioQ  preserved,  yiclila  a  eiHiit  coii- 
tniniug  twelve  or  fifteen  per  cent,  of  water.    By  put- 
ting lliis  into  :i  retort  with  half  its  wci^^tit  of  qnJck-Iime, 
keeping  llie  mixture  a  few  days,  and  then  disulling  at  n 
low  temparaturo,  absoluto  or  aiihydroiis  alcoliol  is  ob- 
tained. 

Atthydroua  alcohol  is  a  colorless  liqiiiJ,  of  a  hHrning 
taste, and  pleasant  odor.  Its  sj>&elfic  ^;ravity  at  G0°  h 
0.704.  It  boils  at  1^3°,  and  at  a  still  lower  point  if 
slightly  diluted  with  water,  though  the  boiling  point 
rises  if  the  water  be  in  greater  proportion.  It  has  not 
yet  been  frozen,  though  it  thicteus  at  —  1G0°.  The  spe- 
cific gravity  also  varies  with  tho  amouiit  of  water  pvts- 
cut,  and  hence  tlie  purity  of  spirits  of  wine  may  he  de- 
termined by  ascertaining  its  density.  Alcohol  is  viery 
inflaimnable,  and  its  vapor  fofms  an  explosive  mixture 
with  oxygen  gas.  It  biTrns  with  a  palo  bhie  flame,  with 
the  production  of  carbonic  acid  and  wiiter,  tiud  is  ninch 
nsed  in  chemical  inveatigtitions.  aa  furniahing  a  lainp- 
flamc  free  from  smoke,  ."Lud  aa  possessing  an  extejisi\  e 
range  of  advent  powers  acting  upon  eulpluir,  resins,  oils, 
and  other  bodies  which  arc  not  acted  on  by  water. 

Alcohol  mixes  with  water  in  every  proportion,  heat 
being  extricated  at  the  moment  of  ini.vtare,  and  the  vol- 
ume of  the  combined  lif|uifls  not  e(|unliug  the  sum  of 

Whm  is  ihc  thcmicoL  nunw  f'lr  elcoho)  ?    How  ia  spirit  of  wine 
ronile?    How  is  nbsrlnle  alciiTiol  prciluted?  ■Cvw.^^iV'^- 
lies  of  Anhjilrous  alcoLol.    "Vfhai  u:e  iu  u.'k^'I 
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the  ortginal  quantiliea.  liecClJiistI  SpirU  has  4  specific 
gravity  0.825,  eorilaining;  89  pur  cent,  of  absolute  alcti- 
liol.  Proof  J^pirit,  so  ttauicd  tvoin  the  old  gunpowder 
test,  a-  specific  grnvJiy  0.920,  containing  49  cent, 
of  fibsoliile  alcohol.  In  tliat  test  the  aluoliol  was  mixed 
with  jfunpowdcr  and  fired.  If  the  gunpowder  took  fire 
the  Kpirit  was  over  proof;  if  it  di4  not,  owing  to  excess 
of  water  in  the  epirit  rencJering  it  damp,  it  was  iindi^r 
proof.  Alcohol  combines  with  many  saline  bodies,  be- 
ing appar^enlly  siibslituted  for  the  wstor  of  crystalliza- 
tion.   Such  compounds  nrc  caW^^d  Alco/io/ates. 

The  strong  wines,  such  as  port  and  sherry,  contain 
from  19  to  25  per  cent,  of  ahsoliile  alcohol,  tha  light 
wines  from  1 2  pep  cent,  upward,  beer,  porter,  etc.,  from 
5  to  10  per  cent.  The  amount  of  alcohol  may  bo  <\e- 
termiued  hy  carefully  distilling  a  specimen  of  the  wine, 
rend-ered  aikaltne,  until  one  half  its  bulk  has  passed  over, 
then  filling  the  distilled  portion  up  with  water  until  (he 
original  bulk  is  reached,  and  asccrtaioiog  the  specifiio 
gravity.  By  refti'ence  to  a  table  the  stren_£;th  tiaay  be 
known.  Or  by  ilecolovizing  the  Vino  .and  niising  it 
with  dry  carbonate  of  potassa,  tho  water  may  be  ab- 
stracted, and  the  alcohol  left  floating  ou  top  of  the  aque- 
ous solution  of  carbonate.  The  specllic  gravity  of  vhc 
supernatant  alcohol  is  0.825;  it  therefore  oontaius  89 
per  cent,  of  absolute  olcohoh  Brandy,  ruiu,  gin,  and 
whigky  contain  nearly  half  their  weight  of  alcohol,  and 
resemble  proof  spirit. 

The  valae  of  a,leoholic  liquids  tamS  mainly  on  the 
flavoring  principle,  which  ie  much  modified  by  age. 
Varieties  in  wiue  dcjiend  partly  on  the  grape  used  and 
partly  on  the  methods  of  manipuliitton.  The  flavor  of 
gill  is  derived  from  juniper  berries;  that  of  whisky 
from  the  malt,  particularly  if  it  lias  bscii  dried  over 

eat;  that  of  rum  from  molasses;  Curajoa  from  orange 

errjes,  etc. 

Many  alcohols  are  enumerated — tbc  Propylic,  C^H^  O, 
HO;  the  Butylic,  C^H^  0,  HO;  tho  Caproic,  C^,II^^  O,; 

Wliiit  ia  rGctified  Bpirii  ?    Wtiy  m  prqor  spirit  so  nnmeJ?  Wba,t 
are  nlcoliulmes?    Wlinc  percentage  or  nlcohoi  do  port,  aherrT,  etc., 
"-in?   Mi-iw  may  tlte  amount  of  Jilcolioi  be  deicrniined?  De. 
<io  prwdfls  will,  caibonivte  of  [Milnssn.    Wliat  nm  the  fluvor- 
6\e»  ofj-ii,.  viiiisky.  etc.?    NHme  soma  of  llie  iilcohols. 


LACTIC  ACIU. 


409 


tTie  CaprylEc,  CfK-^^O^,  etc.    The  Ainylic  and  Methylio 
aluoLola  will  be  liereutUn-  described. 

Lactic  Aaul  Firmeniation. 

"We  have  already  seen  that  vegetable  juices,  as  well 
as  milk,  ivill,  iindei'  certaiu  ciruuruatanccs  of  lenipera- 
tui'G,  yield,  during  fermGntation,  lactia  add  instead  of 
alcohol.  Tliis  acid  may  therefore  be  made  by  Jlsaolv- 
LDg  a  quantity  of  siig.tr  of  milkt  putting  it  in  a  warm 
place,  and  allowing  it  to  turn  sour  spontaHeously.  A 
part  of  the  casein  of  the  milk  here  acts  aa  the  ferment, 
and  3s  lactic  acid  is  spt  free,  it  coagulates  tlie  rest,  niid 
makes  it  iiiaoluble.  By  the  addition  of  carbonate  of 
soda  to  neiitmiize  the  acid,  this  13  prevented,  aod  the 
ferment,  retaining  its  activity,  produces  move  lactic 
acid.  When,  hy  this  process,  all  tiie  sugar  is  exhaust- 
ed, the  liquid  is  boiled,  filteredj  evaporated  to  dryness, 
and  tfio  lactate  of  soda  dissolved  out  by  liot  alcohol. 
From  this  alcoholic  solution  the  acid  may  bo  obtained 
by  precipitating  the  soda  by  suljihuno  acid. 

Lactic  Aeiil  {C'r^IT^O^-\'IIO)  is  obtained  as  a  sirtipy 
solution  by  concentration  in  a  vacnnm  over  oil  of  vit- 
riol. It  is  colorless,  has  a  Bpccifio  gravity  of  is 
very  bout,  solnble  in  water  aud  alcohol,  ^^isaolvea  phos- 
phates of  lime,  and  coagnlatea  albiniien.  It  yields  a. 
complete  series  of  salts,  most  of  ivhicli  are  soluble. 
Among  these  salt?,  tbo  most  interesting  are  thoES  of 
limii  and  zinc 

Ethkr.  —  t':iulph-uric  Ether.  —  OxUIe  of  Jbthyk,  C, 
irf,0.  —  Ethep  ia  i»r6[jared  by  distilJiiiif  equal  iveighta 
of  alcohol  and  oi!  qf  vitriol,  receiving  iho  i  csultioij  va- 
por in  a  Liebig's  condenser,  tt  d  h  c.  Fig,  302,  the  con- 
denser being  cooled  by  water  from  the  reservoir  i  flow- 
ing intQ  the  funnel  c,.  the  waste  passing  into  the  vessel 
fi,  and  the  ether  distilling  into  the  bottle  c.  The  pro- 
cess ia  to  bo  stopped  a.s  soon  as  the  mixtiire  begins  to 
blacken,  The  first  product  may  bo  rectified  by  redis- 
tillation from  caustic  potaesa. 

Elher  ia  n  colorless  and  hmpid  liquid,  of  a  peculiar 
odor  and  hot  taste.   It  boila  at  96°,  and  has  not  been 

Ilow  raav  Iodic  ncid  arise 'i"    Why  ia  p;ir1ifinntc  of  soda  ndclcd? 
■Wlidt  nve  liie  ]im|icrtics  ofbclii:  ndil?    IIoiv  i<  tvhw  maii't  "V>&- 
scribo  the  apparatns,    WiaC  are  the  pta^itka  Ql  t'C^\eT't 
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fl'iiwii ;  ilK  N|ii<('i(l<i  prtivity  nl  CO''  is  .720-  It  \  ohtiiizes 
with  nijiiilily,  lunl  therefore  jjroiJiices  cold;  a  drop  of 
WiHi'i'  I'tivcri'il  liy  <'llnir,  ii|iifri  which  a  (.■urrerit  of  air  is 
li'ci'liul,  limy  ]w  {'wM-n.  It  is  combustible,  and  lianis 
nliJi  llio  (ivdhilioii  of  inndi  move  light  Uian  alcohol. 
TJm  t>|ii'(4ll(i  nnn'il.y  of  the  vnpoi'  is  2.560.  Wijh  oxy- 
Hi'u  ill'  jilHhiM|ihc'riii  iiir  i(.  farnia  an  explosive  mixture, 
jiikI,  l(('|it,  ill  rntilm't  wil.h  iiir,  Ijccomes  acid  iVom  ibe 
|iriii|iirt.i>iii  of  iicijlhi  ncid.  It  difisolvcft  in  alcobol  in  all 
lirD^HU'tlorM,  hut  iiiiit'  ynvls  of  water  are  required  to  dis- 
»"iiU>'  mn'  iil'll;  It  (itsii  dissolves  many  fatty  substniices, 
liiiil  lioiiiiri  m  of  (HiTinidurnblo  use  in  orgiiiiic  chemistry. 

Hilt  itM  nio«r.  imp  II  rill  tit  ajipllentiona  are,  first,  as  » 
milvi'iit  i'n\-  ])yro\ylim>  in  tlio  maltiiiEC  of  photogrnpliic 
flolldilion;  mill,  nccniid,  as  an  unmthetic  a^cEl.  The 
Vtipor  nfi'Llini",  wlioii  ruaiiived,  produces  at  tirst  an  cx- 
liilliriltirijt  pfl'iwt,  hut  H  prolonged  use  eventually  causes 
It  coniplelo  BdiiHiliu'lioii,  nud  jionnits  the  most  painful 
tipt'i'iilioiiM  I, II  tut  [i|irrnnnei:l  ivitlioiit  the  knowledge  of 
till-  p(itii?nf-  It  can  scarcely  bo  regarded  as  dangerons 
to  iilo  if  inlrniiiiHtorcil  wil.li  citro  in  tho  reciitnbeait  pon- 
'"'•0  and  with  nu  iiuomlwraSBed  cliest.    Tlie  elolJiies 


^-l  flilM"  in  nlW  flnluhlpf    Whnt  nro  its  moat  imporlnnt  np- 
Wlml  preuiiniioiii  hto  natessory  in  its  usq  as  nn  nnicj- 
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bliouKl  always  be  loosened,  corsets  removed,  etc.,  and 
aa  oxamiualion  of  tlie  heart  ami  lungs  made  in  the  lirst 
itisiance.  The  ariajsthetiu  powers  seen  in  ellicr  are  also 
possessed,  by  chlorotbrin,  tlie  I'oriiicr  being  an  Aiueri- 
can,  tiio  latter  a  KUbseqiiont  Scotch  discovery. 

Ether  is  regarded  as  the  oxide  oi"  a  compound  radi- 
cal, Etkyk,  C^3^,  a  coloiless  gas,  liquefying  under  a 
pressure  of  2^  atmosplieres  at  37^,  and  giviug  rise  to  a 
series  of  other  bodies. 

The  Ethylt  Group. 


Eihyle,  C^lf^  =Ae 

Oxide  of  Ethylo  ^AeO 

Hjdiincd  Oslde  of  Elliyle  =vleO+Ht> 

ChloriJe  olElhjle.  -AtCl 

Brocniiie        "    ,  —At!i 

Kicrale         "   -AtO-VNO^ 

Hjponiirite    "   -vleO+iVOj 

Etc,  Etc. 


The  oxide  of  ethylc,  as  baa  just  been  stated,  is  ether; 
the  hydrated  oxide,  alcohol. 

Numerous  ethers  are  produced  by  the  action  of  a  va- 
riety of  acids  upon  alcobol ;  they  are  called  compoxind 
Ethers. 

Cfdonde  of  Ethyle  {Hydrochloric  Ether)  may  be 
made  by  saturating  rectified  spiriis  of  wine  with  di'y 
hydrochloric  auid  gas,  and  distilling  the  result  at  a  low 
tGinperatiirG,  conducting  the  vapor  throngli  a  battle  of 
warm  water,  and  then  condensing  in  a  receiver  Biir- 
ronnded  by  a  freezing  mixture.  It  is  a  colorless,  vola- 
tile liqnid,  of  a  peculiar  aromatic  flnieli ;  speci  fic  gravity 
.8ii.  It  bolls  at  60",  and  at  —10°  ci-yatallizes  in  cubce; 
is  soluble  in  50  parts  of  water,  and  iu  all  proportions  in 
alcohol  and  ether. 

lo^iiU  Qf  Mh'jle  (Hi/cMoilw  Ether)  ia  intereat.ing  aa 
being  the  liquid  from  which  ethylo  was  isolated  by  tbo 
aution  of  zinc.  It  is  obtained  by  the  distillation  of  aleo- 
bt>l,  iodine,  and  phosphorus. 

Bromide,  Si/lphide,  Cyanide^  SulpAocyanide,  and 
Eluoride  of  Ethyle  are  not  of  importance.  Hijclrosul- 

Whal  18  Ihe  conBlilulion  of  ether?  Dcscrilie  elhjic.  Civa  llia 
Whylo  group.     W'mt  ore  the  ccim|miint3  cihera?    How  is  chluriiio 

of  ethj-le  ninile?    Whivl  ore  ha  properties?    Why  w  ^WVofix'tj: 
elhjie  interesting  ?   What  olhcE  clhyta  c(»ra-pcnin44  •fioKitt 


*lt  ^  

™»  Hraruc  GBorr. 

trio  L'^^'^H  "'"^  -eig^U^faSStr^ 

tno  acid  Willi  a  small  quantity  of  nitrate  of  are..  Tbe 
latter  6Ul,«tance  is  QStd  to  prevent  iLe  nitric  »cid  deoi- 
idwng  and  giving  nse  tp  thfi  prodaction  of  nitroK 
elhur.  Jt  IS  insoluble  in  water,  has  a  deoshy  of  i  n-» 
hoiU  At  185°,  and  has  a  sweet  taste.  Its  vapor  eiplodra 
when  licated. 

Uffpomtriu,  ofElhyU  (NUrovs  Eiher)  maTbemadfl 
by  piB-ing  the  hyponilToiis  acid,  dUeugaged  from  on« 

fiart  of  atarcli  and  ten  of  nitric  acid,  throngh  alcoLol  di- 
nted w'tth  half  its  weight  of  water  and  kept  cold.  It 
is  a  yellowish,  aromatic  liquid,  having  the  odor  oif  ap- 
ples; boils  at  To';,  epecific  gravity  ,S47.  The  sweet 
spirits  of  nitre  is  a  solution  of  this  ether  with  aldehyde 
and  other  siibslnnces  in  alcohol. 

QathonaU  of  ^Jii/k— Carbonic  Ether  (AeO,  Co^, 
made  by  tho  nction  of  potaasiuiii  on  oxalic  elLer,  and 
diBlillalioii  of  tbc  product  with  water.  It  floats  on  the 
BUi'lacc  (ff  the  distilled  liquid,  is  an  aromatic  fluid,  and 
boib  at  250". 

OxtiUitc  oJ'Ellnjh  (Oxalic  Ether),  prepared  by  dis- 
tilliiiy  four  pni-Ls  oi"  binoxalale  of  potass.l,  five  of  sul- 
pliuric  add,  and  four  of  alcohol  into  a  warai  receiver. 
Tlie  product  in  wiiwlitd  ivilh  water  lo  soparato  anj  al- 
ooliol  or  acid,  and  redistilled.  It-  ia  an  oily  liquid,  of  au 
nroinntic  odor,  boiling  at  353°,  and  slightly  lieaviev  than 
•wiitur.  "With  an  exeees  of  aninionia.  it  yittide  Oxamitfe 
and  alQdho!;  with  a  smaller  proportion  of  aicnuQQij^  it 
jielda  Oxam.eC/iane,  C^ll-,NO^. 

Many  other  ethers  aro  formed  by  the  union  of  oxide 
cfetliyle  with  anliydroiis  acids,  as  perchloric,  silicic,  bo- 
^aoic,  arsenic,  cyanic,  hydfocyauic,  formic,  acetic,  benzo- 
ic, auccinic,  and  citric. 

Whnt  U  mercnptan?  Itow  is  thn  nitrate  of  etlijU'  maJo?  How 
In  i)iirnnn  pihcr  procnicilf  Huw  ira  l'>o  cnrlionute  anil  oxivlata 
imKic?   What  olUtr  eihera  ate  ilKMroi 
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(E)ia)it7ne  Etfier  {AeO^  C^^H^-fO^  is  prepared  fi-om 
an  oily  liquid  wliich  passea  ovtr  during  tiie  distill aiiou 
of  certaiu  wities.  It  may  bo  olitiiitied  by  Jigiuiiiig  the 
oil  derived  I'roiii  braady  iviili  e^rbouale  pf  soda,  wliich 
11  BuLralizes  the  (HJnanthic  acid,  and  ib^ii  distilling  from 
chloi'ide  of  caluiuni.  It  baa  a  poivei-ful  vinous  odor,  is 
a  coiorlcBS  liquid,  epeciHc  gravity  .803;  boils  at  +40°; 
soluble  in  alcoiiol  and  ether,  but  uot  in  water.  It  gives 
a  peculiar  aroma  to  the  "wince  in  wliicb  it  is  found. 
<Enaiithic  acid  ia  prcpiired  from  it  by  tlie  successive  ac- 
tion of  potassa  and  sulpharic  acid.  It  is  on  oily  body, 
bcc'omiug  a  soft  solid  at  55°, 

The  compound  etliera  aro  found  ready  formed  in 
many  plants,  and  often  givo  origin  to  tlieir  special  otjora 
and  flavors;  hcnco  many  of  these  con  be  imilaled, 
Pine-apjile  Oii^  for  example,  is  butyric  ciIilt  {C^II^O, 
and  may  be  made  from  btitter  or  glyeenno. 
Pear  Oil\s  an  alcotiolic  solution  wftlic  acetate  oi'amylo, 
and  Apple  Oil  h  the  valeviate  of  the  same  radical. 


LECTUIIE  LXXIV. 

I 

UEiirvATiTE  Bodies  of  ALConoL, —  Sulphovmic  and 
Fhmphoviniii  Acids. — Products  of  Sulphovirdc  Add 
at  diffa-ent  Boiling  Point3.—  T7ie  continufnts  Mther 
P'rocess. —  ?7i-e  coutiivtiows  Olefiant  Gas  Process. — 
^J}ulch  Liquid. — Successive  Siibstitutions  of  Chlorine 
Ksn  it. — Hmvy  and  Light  Oil  of  Wine. — ISulphate  of 
Carht/le  oral  its  derivative  Acids. 

SiiLPnOTixic  Acid — JSisulphate  of  Ether  {C,lLiO, 
iSO^+SlTO).  A  mixture  of  sulphuric  acid  with  m 
equal  weight  of  .ilcobo!  Is  to  bo  heated  to  the  boiling 
point,  and  iheti  allowed  to  cool.  It  is  diluted  with  v\-a- 
ter,  and  neutralized  with  carbonate  of  baryla,  the  sul- 
phate of  baryta  subsiding.  After  filtering  and  evapo- 
rating, the  Bohilion  is  allowed  to  fool,  and  the  enlpho- 
vinate  of  baryta  cryflallizes.  From  this  the  Bulpliovinio 
acid  may  be  obtained  by  precipitating  the  bnryta  wlih 

Hovf  is'ttriniiiiiie  eilier  proparod,  and  whnt  are  i(8  prDperticji? 
Give  the  composition  of  pine-appio  oil,  elc.    How  k  sulphoviaw. 

B-l'lfl  Dado? 


dilute  Bulplioric  acid,  and  evaporating  the  resnlling  ea- 
liilioix  ill  vacuo.  It  is  a  einipy  liquid,  of  a  scrnr  taste, 
giving  rise  to  a  series  of  soluble  salts,  which  decompose 
at  the  boiling  point,  as  will  be  presently  seen. 

PuosPHOTisic  Acio  {C\IT^O,  PO^  +  2lirO)  is  madfl 
on  the  same  prinoiplea  aa  the  Ibregoing,  phcsphoric  acid 
being  substituted  for  sulphuric,  aud  the  resulting  bary- 
ta salt  being  decompoBca  in  the  same  wnj.  It  ia  a  eir- 
upy  liquid,  of  a  sour  taste,  and  dissolves  m  "K-ater,  alco- 
hol, aud  ether  readily.    It  is  decomposed  by  heat. 

If  anlphovinio  acid  be  diluted  so  as  to  bring  its  boil- 
ing point  below  260",  it  is  resolved  at  that  lemperfltnre 
chiefly  into  sulphuric  acid  and  alcohol.  If  the  boiiiug 
point  befrom  200"  to  310°,  the  distillation  resuUs  chiefly 
m  the  production  of  hydratod  Bulpliia'ie  acid  and  ether. 
If,  by  tlie  addition  of  sulphuric  acid,  iha  boiliag  point 
be  carried  above  320°,  the  action  is  more  complex,  but 
the  chief  product  which  p.iases  over  is  defiant  gas. 

The  ordinary  method  ol' prepaveng  ether  is  therefore 
very  disadvantageous,  because  it  is  only  within  a  par- 
ticular range  of  temperature  thai  that  body  ia  evolved. 
At  first  the  low  temperature  yields  alcohol ;  and,  as  ih* 
heat  rises,  the  mixture  begina  to  blacken,  and  olefiant 
gas  to  be  evolved. 

To  obviate  these  difliculiies,  a  very  beautiful  proccse, 
the  continuous  ether  process,  has  been  introduced.  It 
consists  in  taking  a  mi  stare  of  eight  parts  by  weight  of 
Bulphurio  acid  and  five  of  alcohol  specific  gravity  .834, 
the  boihng  point  of  which  h  about  300°.  This  is  brought 
to  that  temperature  in  a  flask  by  a  spiiit-lanip,  aa  seen 
iu  J^ig.  303 ;  and  alcohol  of  the  same  density  is  allowed 
Biowly  to  flow  into  the  flask  from  a  bottle  provided 
with  a  stopcock,  the  temper.ituro  being  steadily  kept  at 
300°,  and  the  mixture  kept  in  a  state  of  violent  ebulli- 
tion. "Water  and  ether  distill  over  together,  and  may 
be  paaaed  through  a  Llebig's  condenser;  they  collect 
in  the  receiver  in  sepiiratc  strata;  or,  if  this  does  not 
take  place  at  first,  the  addition  of  a  little  water  in  iho 
receiver  insures  it. 

IIow  is  phosphovinic  aciii  m-idc?  Wlinli  cffcci*  resnlt  from  vftri- 
aiions  ia  Uie  boiling  point  of  sulpliorinic  atiil  ?  Wliy  is  ihc  erdinu- 
17  metliud  Drmakicig  ctber  ilisatlvsmivgcouii ?  Describe  l!ie  iCttntiji- 
uous  cthur  process. 
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pig.  m. 


In  this  maiuieu  a  vory  large  qunutity  of  aleoliol  may 
be  converted  into  ether  and  w.iter  by  tlie  action  of  a 
Imiited  amount  of  aulptiuric  atiid  ;  and  in  a  similar  tuiiu- 
iier,by  adjusting  the  boiling*point  so  as  to  bo  fce-tween 
320°  and  330^,  olefiant  gaa  may  be  continuously  ob- 
tained. All  llieretbre  that  is  required  is  to  convey  tlio 
/ilraholic  vapor  tbroiigli  a  mixture  of  oil  of  vitriol  with 
hall'ila  weight  of  wattr  whieb  haa  the  required  boiling 
point.  Jn  this  procesa  the  add  does  not  blacken,  and 
it  is  therefore  much  moro  advantagGons  than  that  de- 
scribed for  the  preparation  of  olefiant  gas  heretofore. 

Chloride-  of  Olefiant  Gas — Dutch  Liquid  [C^ITtCQ 
— is  prepared  by  mixing  equal  volumes  of  chloriuo  and 
olefiant  gas  in  a  large  glass  globe-  It  is  a  colorless  and 
fragrant  !ic|uid,  soluble  in  alcohol  and  ether,  bnt  less  so 
in  water.  It  boils  nt  ISO",  and  when  acted  on  by  n  su- 
lution  of  caustic  pot5i?sa  in  aleoliol  it  yields  cbloride  of 
potassium,  and  :i  substance,  Cj-ZTat?,  wbidi,  on  being 
cooled  by  a  freezing  mixture,  condenses  into  ft  liquid. 
This  liquid,  bfoiight  in  contact  with  chlorine,  abeotha 
that  eubstiiuee,  and  yields  n  compound,  C^IfjCf^,  which 

Whflt  are  ll:o  advoningcs  of  tlic  continuoiia  pmccas?  At  what 
tem|ioraliire  iIdph  oliifinnt  gas  nrise?  Ho-w  is  Dntcli  liqiiiiL  pre- 
pared?   What  fire  its  properties? 
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Sulphate  of  Carbyle  (C,ir„  iSO^)  arises  when  the 
"v-apor  of  anUydroud  suliiniii'ii;  acid  is  absorbed  by  pure 
alcohol.    It  is  a  wliito  crystalline  body.    When  dis- 
solved in  alcohol  and  waler  added,  the  soluliou  DeuLral- 
ized  by  carbonato  of  baryta,  filtered,  concentrated,  and 
then  mixed  with  akobol,  the  Ethionate  of  Baryta  pi-e- 
cipiiates.    This,  when  docomposcd  by  dilulu  Bulpliiiric 
acid,  yields  llydrcded  EtJdonio  Acid  {C^H^O,  4S0^+ 
2/10).    Ethionic  acid  yields  a  series  of  ealts,  many  of 
which  can  be  obtained  in  crystals.    On  being  boik'd,  a 
Bobition  of  elhiouic  nt-id  yields  eiilphuvoua  acid  and  lae- 
thionw  Acid,  tlie  peculiarity  of.which  is  that  it  is  isomerio 
with  sulpliovinic  acid,  both  conlaimng  CJisO,2SO.,+ 
HO.    Methionic  J. cj'</ arises  from  the  aclioD  of  hoi  sul- 
phuric acid  on  ether,    AUKionie  Acid  is  made  by  act- 
ing on  alcohol  with  great  excess  of  stilphnric  acid.  The 
last  two  Jicids  n,re  by  some  rewarded  as  compounds  of 
Bulphovinic  with  iaethionio  acid. 


LECTURE  LXXV. 

Oxidation  of  Alcohol. —  The  AeeUjlc  Series. — Alde- 
hifde. — Its  I^reparation  and  Properties. — Alddiydln 
Acid. — The  Flamdess  Lamp. — Aceia.1  produced  hij 

kplatimtm  Black, — Acetic  Acid,  Production  of. — jVn- 
ture  of  the  Change  from  Alaohol  to  Acetic  Acid. — 
Salts  of  Acetic  Acid. 
It  has  alre.idy  boon  stated  that  when  alcohol  is  burned 
in  contact  with  oxygen  gas  or  fltmos]>heric  air,  the  sole 
products  of  the  combustion  are  carbonic  acid  and  wa- 
ter; bat  when  the  oxidation  is  partial,  the  hydrogen  ia 
removed  by  preference,  and  a  new  Beriea  of  bodies  ia 
the  residt,  designated  as 

The  AcetyU  fSeries. 

Acotyle,  Cf^H,  =Ae 

Oxide  of  Acotyle  —AeO 

Uydralga  O^iiie  of  Aq«vle  (Aldehjdc)  =  AeO  +110 

Acetyloua  Acid  (Aldoliydic  AciU)  ^A<:0,-i-JiO 

Acetic  Aciii  =AcO,-i-MO 

DescriLe  llie  Biil]ibflIo  of  cnrbyla.    How  is  elTiionie  ncid  produce  il? 
How  rvre  iselhmnic,  mcthionirf  nnd  althioi^ic  itciiJa  ti>]ulu  ?  Whflt 
(lie  tlilfurcnce  belween  th.^  pnrtial  and  lotal  osidalion  of  BlcuUatf 
Give  the  ncetrle  series. 

Si 


ALDEUYDB. 


Aoetyle  diffars  from  etliyle  by  containing  only  three 
Morns      hydrogen,  instead  of  6vo, 

ILjflrattd  Oride  of  Acetyk  (AMc/iydt)  niav  be  ob- 
tnined  by  diEiilling  a  mixtiirG  of  4  parts  at'  alcoliol,  &  of 
oil  of  vitriol,  4  of  water,  and  6  of  biiioxlilc  of  manganese, 
into  a  receiver  cooled  by  ice.  Tlie  product  is  redistilled 
from  chloride  of  calcium.  Il  then  cansi:^ts  of  aldehvile 
aeetal,  ether,  and  nicohol.  It  is  next  mixed  ivilh  tirice 
its  volume  of  elher  and  saturated  with  dry  aiiimonia. 
Two  parla  of  the  cryatalline  compound  of  aideliyde  and 
ammonia,  dlasolvfid  in  two  of  water,  wiili  mixmre  ul' 
three  of  oil  of  vitriol  and  four  of  water,  are  distilled,  and 
the  distillate  redistilled  from  chloride  of  calcitJtn  at  a 
temperature  of  8-7°.  It  is  a  colorless  liquid,  of  a  siiffo- 
caling  odor;  specific  gravity  .700,  boiling  point  68°.  Il 
is  soluble  in  water,  alcohol,  and  ether.  It  elowjy  cr- 
idizea  in  the  air,  and  more  rapidly  under  the  iofltience 
of  the  black  powder  of  platinum,  producing  aeetic  acid. 
Heated  with  CM-iustic  potassa  it  yields  aldehyde  resin,  a 
brown  body  of  a  reainoiia  aspect.  Aldehyde  is  so  called 
because  it  contains  the  elements  of  alcohol  minus  two 
atoms  of  hydrogen  [AlcoAot  Dehydrof/inalva). 

When  pure  aldehyde  is  kept  for  a  length  of  lime  at 
32°  in  a  close  vessel  it  yields  ElaMehyde^  a  siibEtiince 
isonieric  with  itself,  but  possessing  different  properties, 
the  specificgravity  of  its  vapor,  for  example,  being  iliree 
times  thflt  of  the  vapor  of  aldehyde.  From  it  there  is 
also  produced,  at  common  temperatures,  a  second  iso- 
meric body,  Metaldehyde. 

AMehydie  Aeidra^y  be  obtained 
by  dii^esting  oxide  of  silver  with  al- 
dehyde, and  precipitating  the  metal 
with  Bulphureted  hydrogen.  It  eon- 
tains  one  atom  of  oxygon  less  ihan 
acelic  add,  and  is  one  of  the  prod- 
liclB  of  the  slow  combustion  of  ether 
ill  Davy's  flamelcss lamp,  which  may 
be  raado  by  pulling  a  small  quantity 
of  ether  in  ft  jar.  Fig.  yo-t,  and  sus- 
pending in  the  vapor,  as  it  mixes  with 
atmospheric  air,  a  coil  of  pKiiinum 

Whal  nre  ila  propcrtLCS?    What  is  the 
WImt  is  elnlJt'hyilc  ?    How  is  nldehydic  acid 


Fig.  aw. 
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wire  wliicli  liaabeeii  recently  ignited.  Tlio  wire  remains 
intranJe  scent  as  long  as  any 
ether  h  [ireseot.  The  same 
result  ni.iy  be  obtained  by 
piilliDp;  a  spiral  of  i)l;itiiiiiiii 
wire,  ni>5,  or  fi  ball  of 
spongy  plutitmrii  qver  tJis 
wiekcifa  siiirii-lamp.  TJie 
lamp  being  ligtitetl  for  a 
sliurC  Lime  and  then  bloivii 
out,  the  plaiiiiuin  coutiiiuea 
ill  can  descent,  evolving  a  peculiarly  acritl  v.ipor. 

Acelal  (CglfgOs),  contninitij^  the  fleriiciils  of  itlier 
and  aldehyde,  is  produced  by  the  oxidation  ot'tiio  vnjior 
of  alcoliol  by  blael;  powder  of  plaliniini,  the  alooUfjl  be- 
ing placed  iu  ajar  with  moiatetied  pliitiniim  hV.u-k  in  a 
capsule  above  it.  In  the  course  of  novernl  days  ilie  nl- 
coiiol  will  be  found  to  linve  become  sour;  it  is  tlien  to 
be  neutralized  with  chalk  and  diBtilled.  Cldoride  of 
c.ilciiini  separates  an  oily  liquid  fVom  the  distilled  prod- 
uct. Tbis,  on  being  distilled  at  n  tcmperatnre  of  200°, 
yields  aeetal.  It  is  a  colorless,  aromatic,  mobile  liquid^ 
specific  griivity  .8^5,  and  boiling  at  203°.  It  produces, 
imdcr  tlie  iaflnence  of  an  rtlcobolic  eohitiou  of  caicetic 
potassa,  by  absorbing  oxygen  from  the  air,  reBiii  of  al- 
dehyde. 

Acetic  Ackl — PyroUgneo^ta  At:id — Vinegar  (C^ZTg 
O^+S^O).  When  dilute  aleohol  is  drnjiiieil  on  pluU- 
inim  black,  oxidation  takes  place,  .ind  ani 
the  vapors  of  acetic  acid  are  formed . 
On  the  large  sealeitis  abo  made  by  id- 
lowtng  a  mixture  of  alcohol,  water,  ami 
a  small  quantity  of  yeast.  If,  I^iff.  006,  to 
flon-  o^'er  wood  shavings  wbiefi  Inivo 
been  stteped  in  vinejrar,  contained  in  a 
barrel,  through  which  atmosplicric  nir 
is  allowed  to  circulate  by  the  apertnrps 
ccc.  The  temperatui-c  rises  and  llie 
acetiflcation  rocs  on  with  rnpidily,  the  product  hieing 
collided  in  the  receiver       Vineijflr  aifo  is  formed  by 

I)c?Btril>p  Fiir.  30r>.  Desci'ibo  il*  jiTcpariiiion  nncJ  (irortMiiea  of 
Rrciiil.  ]low  U  acetic  Jiciil  mntlc  ?  Dcacribo  Fig.  SOU.  ^o^v  Jciea 
vincgnr  nriac  ? 


llio  Bf>otilaiiooiiB  emiring  of  wines  or  beer  coDtaining 
ft'i'iuuiit,  iiiitl  kvpl  in  It  ensk  lo  which  atiaospheric  air 
liiii*  liuuonn.  Diirliij^  ihc  •] cstructive  dUtillation  of  dry 
wooil,  (K'ulio  iRii'l,  liviivij  chILl'iJ  pyrol igneous  acid,  in  ail 
iuipiiru  msilu  is  luiind  uiiioiig  the  inroducla. 

Arihj-tli'ojm  lU'ttio  ncid  is  obtiiined  by  dlBtiUio^  ei^ht 
j)jirl«  ol'ilry  iioBtflt-o  ofpotassa  with  three  of  oxyeiilonde 
111' l)ln>M|ihorit9.  It  is  n  colorless  liquid,  BpeciliL'  irrnvi- 
IV  I  hoiliiiir  jKiiiit  230°,  and  dinsolvcB  in  water,  Jliiliug 
at  llrnt  to  iho  tjolloiii  like  n  he^ivy  oil. 

Voi'y  slpoiif!  iicGtic  .ic;id  mnj  bo  iriade  hy  distilling 
uowdcred  miliydmns  aoctnte  ol' soda  with  three  litnea 
Its  wfighl  of  nil  of  vitrioL  The  product  is  then  redis* 
lilk>d  n»d  cxpoHod  to  a  km  tcmporntiirG,  when  crystals 
of  iiyilnili'd  imclic  aoid  form  ;  tlie  fluid  portton  is  poured 
nfi'  ami  the  crystiils  RutTorcil  tn  melt.  It  is  a  colorless 
liipiid^  ("I'ysl.illiKinii  bdow  60"  in  plntes  or  ttifts  ;  has  n 
vyry  pungiinl  odor,  and,  jilaced  on  the  shin,  blisters  it  j 
it  boils  at  '^43"^  tlm  vnpor  being'  inflammitblt.  The  spe- 
cilio  gravity  dt'tho  liiquefiod  cryst.illized  acid  is  1.063.^, 
Hill!  liio  di'iiNitv  iiierc.nsos  on  dilution  until  the  acid  coti- 
laiiis  oni!  eiiiiividt'iit  of  atihydnms.icid  to  three  of  water, 
\v!ii'h  it  is  I.OT^l ;  on  farther  dittition  the  density  diiniii- 
iKhoB.  It  also  dissolve!*  in  .ilfohol  und  ether,  1»  an  im- 
puTi?  statp  as  vinejjar,  its  tasto„  odor,  and  applications  are 
wiW  kiKHVii,  Acelitf  acid  ts  hvrgdy  Used  in  p  bo  tog  r  aph- 
id opermioii!?  to  retard  the  ficlion  of  redneing  ng'ems 
upon  iiitrnte  ot"  silver,  oonstitutinsr  an  important  ingre- 
dient of  ('rcf/djws,  as  lliey  nre  eiilled. 

ll  ftcclie  ricid  bo  cympnrw.1  with  nKK>hol, 

A1.-o1k>1  P.ff.O. 

Acpiic  Acid...  C.W.Oi, 

it  it  Ewn  to  dUXvr  in  tlio  eii'eiinislanco  that  two  hydro- 
pen  ntiMns  have  been  rotiiovcd  from  the  alcohol  and 
thi'iv  pliu'os  taken  bj"  two  oxyecn  atotiia ;  hence  the  va- 
vioHH  pfiwssos  lor  its  piWuetioii  are  cisily  exj)laine<l. 
Aeciio  jieid:  yives  vise  to  sovefsl  important  wits. 

Af^tittf  i^f  f'<ytiT.tsn  (A'^>,<\y7,'?0  is  obtained  by  ncu- 

HftW  iji  Jinhyilrwu  BCelic  aciil  mniilc?  How  nay  jtronc  Mcetifl 
•citl  lie  ?    \Vl"ii  uri;  its  pnipcnifsf    Of  whn(  iiw  U  «ceiie 

•("I*    Wli»r  l«  ilx  diffVrrnpe  hciitwn  aprlie  siiil  nnd  alcv^hol? 

of  lli-d  wJl>  of  MMtie  utd,  and  gire  their  raethodg  of 


tralizing  acetic  acid  with  carbonate  of  potasaa,  evapo- 
i-atiug  to  dryness.,  and  fusing-.  Tliis  salt  h  \e\y  deli- 
quescent, has  an  atkalitie  readion,  is  Bolublc  in  its  weight 
of  water  and  twica  its  weight  of  alcohol. 

ji.cetale  of  Sodtt  ia  niade  on  ttie  large  eeale  by  satu- 
rating the  impure  pyroligneoua  acid  formed  ju  the  de- 
sti'UGtive  distillation  of  wood  Willi  lime,  and  tlien  de- 
coiuposing  the  acetate  of  liuie  wilb  sulphate  of  soda. 
The  sulphate  of  lime  precipitates,  the  solution  being 
crystallized,  and  the  crystals  Kubseqnently  purifiGd  by 
draining,  fusion,  Bolution,  and  recrystallization.  Tlie 
cryatala  effloresce  in  tlie  air,  and  are  soluble  ia  water 
and  alcohol. 

Acetate  of  A.iiimonia  (Spirit  of  JUi/ielefeyusf. — Tlie 
solution  is  mado  by  saturating  ncclic  ncid  wUh  carbon- 
nte  of  ammonia,  and  the  solid  by  diBiilling  acetatE  of 
lime  and  chloride  of  ammonium.  The  ncelate  of  ammo- 
nia passes  over,  and  chloridt;  of  calcium  is  left. 

Acetate  of  Alumina  ia  made  by  the  dpcomposition  of 
a  solution  of  alum  by  acetato  of  lead.  It  is  much  used 
by  ilyers  as  a  mordant. 

'Acetates  of  Lead. — Ut.  2^eietml  Acetate  (Stigar  of 
Xead)  may  be  niadfl  by  dissolving  liUiargc  in  ncetio 
acid.  It  ooeiirs  in  colorless  prismatic  crystals,  and 
also  in  crystalline  masse?.  It  baa  a  sweetiali,  astringent 
taste,  fi'om  which  its  commercial  name  is  derived.  It  is 
solnblG  in  less  than  two  parts  of  water  and  in  eight  of 
alcohol.  The  crystals  effloresce.  2d.  ^Suhaceiate  of 
Ij(a<l  {Sesquibasic  Acetate)  is  formed  by  partiiiify  de- 
composing the  neutral  acetate  by  licat.  Its  solution  is 
known  as  Govlard^s  Water.  Two  ottier  enbacetatea 
may  bo  made  by  the  action  of  ammonia  on  the  neutral 
salt.  Their  soUitione  bave  an  f)lk.irLne  reaction,  absorb 
fyirbonic  acid  from  the  air,  giving  rlp-c  to  a  precipitate 
of  the  b.isic  carbonate,  nud  constituting  a  delicate  test 
for  that  gas. 

Acetates  of  Copper. — let.  2feiHral  Acetate  {Crystal- 
lised \~erdi!/Tis),  made  by  dissolving  verdigris  in  hot 
acetio  acid.  On  cooling,  it  yields  green  efystala,  soluble 
in  live  parts  of  boiling  wsiter,  pitd  nlso  in  nlcobol,  It  is 
used  as  a  paint.    2d.  JSiliasic  Acetrtte  tf  Copper  (Ycr- 


How  mnny  aceloies  of  loftii  are  ttere  ? 
How  is  verdigris  made? 


41S  pnawAfim  om  jtccnxK. 

tH!/fl»)  may  !k*  ma-le  by  the  Mtioa  cf  ramr  »d  jir 
ridiijoiiiily  uii  tDftolliu  coiiper.  FImm  af  «o»a-  w  ■{■ 
tiM  liitlril  wttli  jiiecM  of  cioUi  steeped  in  M^Bacid.  ^ 
lliuy  Uuotiio  (-'ov«red  with  Tefdigris,  it  is  hwiui'mI  «»  t 
Ipliiiu-Kruttii  jiuwJer,  and  the  opeiatiim  eoBtinoed  until 
llm  uoppt-r  M  cxIiaiiBted.  Verdigria  im  »  ntimm  afeev- 
(irnl  nf»>tato«,  one  of  which  may  be  obtUDed  br  dwel- 
liiC  ll  ill  warm  u'»ler ;  n  bpwmuI  ansei  on  Vmil^  tLi< ; 
tliu  inaululjlo  i'<.-!,iiJuu  coutoitis  Atliird.  ' 


LFX'TURE  LSXVI. 

l)i{iiiv*nviM  OP  Aricryi.B. — TnE  Kakodtle  Gboitp.  

C/ittiniivlie  AeiU. — Acetone. —  Chloral. — Hydroehia- 

r(c  h'tJicr. —  Artiott  uf  Chli^ine  on  the  £then.  

A*»'m'Ai>  Arid. —  The  Kakodijle  Group. —  Oride. 
—  t'hhriiU. —  Kuin>ili/Ue  Acid. 

OllVrtBACKTii)  Acid  { IIO^C^II^O^Cl)  ia  prodtt«d 
wlicii  cliltiriiu'  In  [WHsvit  Lljroiiyli  a  mtxtiir?  of  two  part* 
III'  Klrtftiil  ftt'olic!  tu'iil  mill  one  of  walcr,  the  EtinligLt  be- 
In^  ukoIiiiIlmI.    ll  H         to  produce  clefinite  salts. 

Wlii'H  Klmaiil  m-i'iii.  aii^l  is  cxpoaecl  to  sunshine  in  » 
jiiv  111'  olilorim\  wliUo  llooi'iili  aru  formed ;  tLey  are  iri- 
vfihmcrlie  itriil  {JfO,  ('^C/^O-^).  Tbc  hydrogen  of  the 
iio«lio  Hoiil  in  iviilaccd  liy  dilorine.  Clilorocjirhonic, 
(inrhuiiit-,  luiil  uKiiliu  iioida  ui'O  nt  the  eatnc  time  furiDed. 
Tho  HjdtH  (if  tiiia  acid  &re  solnhlo  in  ivatcr. 

^<iilj>A<tt'i:tit>  AvUi  nristB  when  acetic  acid  is  acted  on 
by  niiliydroiiH  milidutnii  aciil.  Its  comiiosition  is  (C^ 
11^0.,^  '2S().„  •jJJ(/).  It  forma doliiiiiGPCeiit  crystals  atid 
hih[i;<io  fiilt^, 

.{rtlnuii—Piimacelie  Spirit  (CsHeO^^—ii  ot'tained 
^v]ii;u  AcLitutu  iif  Itciiu  is  distilled  wuli  excesB  of  qtiick- 
liniL',  nr  ivliLiii  two  ]iarla  of  nwlau  of  lead  and  one  of 
''|N<i  iii'io  IiohUhI  in  nn  iron  rotnrt.  The  distillate  is  re- 
'liftillod  from  ii  wiitiT-biilli.  It  la  a  limpid,  colorless, 
mnl  vthliililu  lii|tiid,  B[iLTi(io  grnvlty  .V82,  boiling  at 

^^'liiu  1«  rliu  coiniinsilion  of  viTilUri*?    How  ia  clilornmfc  ncid 
i"'"'''"'i'it  1"  Willi  rcsiiliH  (in  Linpohiiig  ncclic  aciU  to  clilnriiie?  IIiw 
.'■'yi'lui^etic  acid  foimcd?'   Whnt  iiro  iho  properlien  of  iiyroiieeiie 
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132°}  turns  with  a  "bright  flame,  and  ia  6olnlj>!e  in  \va- 
ter,  ctlier,  anil  iili;oliol.  By  the  action  ol'  diloriiie, 
llircG  subsiitulioa  products  Jive  obtajued,  in  wtiiijh  two, 
three,  and  faiir  atoLus  of  lijdrogen  .ire  replaced  hy  dilo- 
riiie.  Nordiiaiisen  oil  of  vitriol,  distilled  wiili  aiicloric, 
yields  an  oily  body,  the  constitution  of  which  is  C^If^; 
it  is  lirfhter  tinaii  water,  and  has  an  odor  of  garlic. 

Sir  R.  Kano  considers  acetone  to  be  the  hydrated  os- 
ide  of  a  radical,  MesUi/le,  C'sH^,  and  has  pradiiced  the 
oxide  and  chloride  of  incsitjle.  IZeise  also  iliscovcred 
a  compound  consisting  of  the  oxide  of  niesityle  aiid  bi- 
chloridB  of  platinum, 

Cm.OitAi.  [C^nCl^O^, — -When  dry  chtoi-ine  is  passed 
into  anhydrona  aluohol,  and  the  action  finished  by  the 
aid  of  heat,  liydrochlorio  acid  is  produced  ;  and  on  ita 
ceasing  to  appear,  if  ihe  product  be  agitated  with  three 
liiuos  its  volume  of  oil  of  vitriol,  and  the  raixture 
warmed,  an  oily  liquid  floats  on  the  acid;  this  is  cblo- 
rnil.  It  may  be  pmified  by  successive  distillaliou  from 
oil  of  vitriol  and  quick-lime.  It  ia  an  oily,  colorless  liq- 
uid, which  causes  a  How  of  tcirw,  Icavca  a  transient 
greasy  Btain  on  paper,  has  a  deuRity  of  1.^02,  boils  at 
208°,  is  soluble  in  water  and  ulcohol,  and  gives  no  pre- 
cipitate with  nitrate  of  silver.  When  kept  foe  a  length 
of"  time  in  a  sealed  tuhe,it  spontaneously  becomes  white, 
solid  chloral.  In  this  condition  it  i^  little  soluble  in 
water,  and  reverts  to  its  other  state  by  b-eing  warmed. 

If  clilorine  acts  on  alcohol  containing  water,  hecii^y 
JTi/tifochhi'ic-  Ether  is  formed.  It  is  a  coIotIgbs  and 
volatile  liquid. 

The  action  of  chlorine  upon  common  ether,  and  also 
upon  the  compound  ethers,  is.  very  interesting.  It  con- 
eista  in  the  gradual  removal  of  hydrogen,  chlorine  being 
Bubstitut.ed  for  it.  This,  in  many  inetances  in  which  tha 
aid  of  the  ennlight  \a  resorted  to,  terminates  in  tlio  en- 
tire removal  of  the  hydrogen.  In  the  compound  ethers 
it  is  the  basic  hydi'ogen  which  is  reraoved,  while  that 
of  the  acid  escapes,  as  in  the  case  of  chlarurete-d  acetic 
and  chlorureted  formic  ethers.  "When  the  vapor  of 
light  hydrochloric  ether  is  jietcd  npon  by  diloiinc  pas, 

Whnt  is  Ihe  chumical  coraposilion  of  nceione?  How  is  rlilurni 
TDiide?  WhiU  phnnuBS  may  occur  in  iij  What  is  tbe  nction  of 
clilorine  an  Llic  ctherji? 
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KAKODIXE. 


a  complete  series  of  componn  may  be  obtained,  tlie 
liyJroj^en  eventuaily  diaajiptaiiiig^ : 

Bj-JrocMorlc  Ether  C,W,C7 

Moiiciclilo.nireied  Hydrochloric  Ether  „,.„,..,.  C,//,  C4 

Itichlvnirclcd  "  "  C,H,CQ 

Tridiiorureicd  "  "   C,ll,Cl^ 

QwaJricliloi'urctcd       "  "   CJi  Cl^ 

rcrclilurido  of  Carbon  ...C,  tV^ 

farnishing,  therefore,  a  very  striking  instance  of  Uie 
doctrine  of  siibslitntion. 

XauthK  Add  (  ffi-Qft''^^^  O-f-ffO).— Hydrate  of  potas- 
sa  ia  tu  be  dissolved  in  twelve  i>arts  of  alcobol,  specifie 
gravity  .8,  and  bisulphide  of  caiboti  dropped  into  tbe 
Boimiyii  until  it  ceases  to  liave  an  allcaliue  reaction.  On 
cooling  to  zero,  tbe  xantliate  of  potassa  crystallizes;  it 
is  to  be  dried  in  vacuo.  It  ia  soluble  in  ■water  and  a!co- 
liol,  but  not  in  ellier,  and  from  it.  xantbio  acid  may  be 
procured  by  llie  action  of  dilute  Iiydrooblorio  actd. 
Xaiithic  acid  is  an  oily  liquid,  heavier  tbnu  water,  which 
first  reddens  and  then  bleaohe&  lilniUB  paper.  At  75° 
it  IB  decomposed  into  alcobol  nnd  bisnlphide  of  carbon. 
It  is  also  decomposed  by  the  action  of  ibe  air. 

Kakocyle  {^VJIeAs—Kd)  ia  a  coinpoiind  radical 
which  gives  rise  to  an  extensive  group  of  bodi«s,  in 
wiiich  it  acts  the  part  of  a  metal. 

Th^  KaJiodyle,  Group. 


Kflksdyle,  CJI^Ai.  =Ka 

Oxide  of  KBkoJjlo  =  KdO 

Chloride       '■   =  K<iCl 

lodldo  "   ^Kdr 

Sulphide       "   =KdS 

Etc.  -EWf. 


Katoclyle  may  be  obtained  by  decomposing  the  chlo- 
ride of  knkodyle  with  metallic  zinc  in  an  apparatus 
filled  with  carbonic  acid,  and  may  bo  purified  by  redis- 
tillation from  zinc,  similar  prccauliona  being  takeu  to 
exchide  atmospheric  air.  It  is  a  colorless  liquid,  of  a 
highly  offensive  odor,  wlienee  its  name,  taking  fire  spon- 
laiieoiisly  in  tbe  air,  oxygen,  or  chtorine,  boils  at  338", 
cryfitnllizcs  at  20"  in  sqnnre  priems,  nnd  is  decomposed 

Givo  tho  compound*  of  hvi^rochloric  ether.  How  is  xnnihic  acid 
Bpndiicccl?    Whfll  ia  kokpdjie?    llowia  it  obuiined  ?    What  are  its 
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at  a  T&d  lieat  ialo  olefiniit  gas,  ligLt  icarbiireted  liydro- 
gen,  and  arseuic.    It  is  very  ])oiso[ioiis. 

Oxide  of  Kahodyls — Alkarsiue—CadEfs  Fuminf/ 
Jjirfuor — is  prejiared  by  tha  dla-lillaiion  of  acctaLe  oi  yo- 
tassa  and  arsenious  acid,  receiving  llio  products  iti  nii 
ice-told  vessel,  the  tempei-ature  being  finaJly  tan-ied  to 
a  red  heat.  The  oxide  comes  over  iii  an  iiispui'e  elate, 
sinking  to  the  bottom  of  the  other  pvodiicls.  It  is  to 
bo  decaoled,  washed  with  water,  boiled,  and  then  distil- 
led in  a  vessel  full  of  hydrogen  from  hydi  iite  of  pola&E^a. 
It  is  a  colorless  liquid,  spec.  gr.  1.64  ;  boils  at  300°,  and 
Bolidifies  at  S'*;  is  insoluble  in  water,  but  dissolves  in  al- 
cohol !i]id  ether;  is  excessively  poisonous,  poEscPsing  a 
smolllilje  concentrated  garlic.  Hcatod  in  the  Jiir,  it  burns, 
jirodueiiig  curbonic  acid,  water,  and  arsenious  acid. 

Chloride  of  Kal'odijle  may  be  procured  by  the  action 
of  a  dilute  solution  of  corrosive  subliiunle  on  a  dilute  al- 
coholic solution  of  oxido  of  kakodyle.  A  while  pi-edfh- 
itate  fiills,  which,  distilled  with  strong  hydrochloric  add, 
yields  corrosive  snhlimntG;  water  and  the  thloride  of 
takodylo  passes  over.  When  purified  by  rhloiide  of 
calcium  and  distilled  in  an  atmosphere  of  carbonic  Bcid, 
it  is  a  colorless  liqtiid,  of  ft  very  oflbnfiive  odor,  heavier 
than  water  and  insoUible  therein,  but  sghible  in  akoliol. 
It  is  very  poisonous.  It  boils  at  about  212°,  Iha  vapor 
takinjt  Hi  e  in  the  air. 

Jiakodylic  Acid — Alcargen  {KdO^ — may  be  made 
"by  the  action  of  oxide  of  mercury  upon  oxido  of  kako- 
dylc  uuder  the  siu-fiice  of  water  at  a  low  temperatKre. 
Kakodylic  acid  farnia  crystals  which  ddiquepce  in  the 
air,  are  solnblo  iti  water  and  .ileoliol,  but  not  in  elher. 
Tt  18  not  acted  upon  by  oxidizing  agentp,  ench  as  nitric 
add,  bnt  is  reduced  to  oxide  of  kakodyle  by  severaJ  de- 
oxidizing bodies.  It  ia  not  poisonona,  though  it  con- 
tains 5fl  per  cent,  of  arsenic :  seven  grains  of  it  produced 
no  effect  on  a  rabbit, 

Kakodyle  furnishes  a  complete  series  of  bodies — Ihe 
iodide,  sulphide,  cyanitle,  and  a  substance  iRonieric  with 
the  oxide,  which  haa  the  nimo  of  parakakadylic  oxide. 

How  is  the  osiila  oFkatoiJylp  mad«?  What  are  trs  properliei) ? 
How  is  tlie  clilfiHiie  formed?  What  are  its  propei'licB?  Hnw  is 
knkoJvlic  ni'id  innde?  How  ranch  arsenii:  Joes  it  conlain  ?  What 
properties  have  Llie  knkodj'lc  [!onipoutids  in  common  i 


TWprif—tiwfliMeMlpaiuiilMisyery  dangatwB, 
Ami  iMr  MptaitWHiT  asd  p««oooDsoess.  Tbe  cran- 
«daarkakvd;l*.dMMd  ia  Ibi  UBaOcBtqnwitily  ihroogh 
tW  MBW^ihwg.  |Mlaoi*  a  eessattoa  of  muson- 

W  mwm  is  Um  hiBd»       fcet,  giddioess,  and  inseiisi- 
baqr.  ^ 

IBCmiE  LXXVIL 

Tbk  Wood-Siwt  GmoTF.—MetAyle. — T/s  Oxide  and 
IMwteiCt*id8.Stkf  q/ MttMytc—J-orniic  Add, 
SilmwimaAr^ltMJtotMoH  of.—  CMorofom. 
— S»  AitMtJtetic  I\t)pa*i€*. — A'tion  of  Chlorine  on 
the  Oade  of  3faA3ik,—Svi«tiMiwt4  in  Chhride  o/m 

Is  the  deitmclive  distilbAioa  of  wooJ  in  the  j>Tepa- 
nUK>D  of  pvrolisneous  add,  tbere  passes  over  abont  one 

Cetnt.  of  a  bodr  to  which  tbe  name  of  wood-spiiit 
been  gired-   This  is  tl>e  brdrated  oxide  or  alcolu  " 
of  a  compotind  rxdical,  yitthyU. 

Uethrlf.  C^B,  =3* 

OxUe  of  Mrtbjle,  „  =JftO 

Hvdraird  Oxide  of  UcUi^le   =^^tOi■BO 

CUoiide  of  Melhvlc_  „  =JftOf 

J^Jiyle  is  a  gas,  speci^c  gravity  1.036,  produced 
decomposiug  iodide  ofmethvlc  bv  zinc. 

Oxidg  cf  Melhyte— Mtlfiylie  'Ether—  Wood  Etl 
(^C^H^O). — This  substance  is  made  from  the  hydrated" 
uiidc,  CD  the  same  principle  that  eiher  is  made  iVoni  al- 
cohol. One  part  of  wood-sjiirit  and  four  of  oil  of  vit- 
riol being  ht.ited  in  a  tiajsk,  tli>e  vapor  is  passed  through 
a  small  qiiaDlUy  of  caus^tic  potassa  solution  and  receivtHl 
at  tho  tiiercurinl  trough.  It  ia  a  pei'tiiaticntly  elastic 
g^iW^  colorless,  and  has  a  specific  gravity  of  1,59;  burns 
with  a.  pale  blue  flamo,  is  very  soluble  in  water,  which— 
takes  up  thirty-tlircc  times  its  volumo  of  it,  and  yields  i^fl 
iinoliangecl  whfrt  lienti><l. 

Wlicn  clod  vrood-Hpirit  nrise?    Wlint  is  ihc  cainpo&iUoii  ofme- 
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JTifdraied  Oxide  ofMethyk —  Wood-Spirit — Pijroxy- 
lie  Spiril — Eiay  be  separatud  from  cnidu  wood  viiiegar 
by  tli  at  illation.  It  paasKs  over  with  the  iirst  portions 
abiig  willi  a  little  acid,  whicli,  being  neutralized  with 
hydrate  of  lime,  tlie  wood-jtpirit  may  be  eejiiiruled  from 
the  oil  whith  floats  on  its  surface  and  redistilleiJ.  Tlie 
pradliict  thus  obtained  may  be  rectified  in  the  Bame 
iiiannor  aa  comnio]i  alcohol,  and  rendered  anhydrous  by 
qiiiclt-llme.  It  is  then  a  colorless  liquid,  of  a  hot  taste 
iuid  peculiar  smell,  liko  pepperiuint.  It  boils  at  150°, 
and  lias  a.  specific  gi'avity  of  .7398  Jit  60°  ;  t!ie  detisity 
of  its  vapor  is  1.125,  It  is  Boliiblc  in  water,  alcobo),  and 
ether  in  ail  proportioos,  and  niny  be  burned  like  spirit 
of  wine,  exhaling  a  pecnliar  odor.  Its  solvent  powers 
resemble  those  of  alcohol;  it  may  be  ii^ed  as  n  Bubsti- 
tule  for  that  fluid  in  Lho  injinufactiire  of  lulminatiiig  sil- 
ver. It  dissolves  resins  and  oils.  It  is  a  powerful  anti- 
Bepttc.  Methylated  Spirit  contains  ten  per  cent,  of  tnc- 
tliyltc  alcohol  and  90  per  cent,  of  alcohol. 

Chloride  of  Metht/le  {MaC'l)  may  be  made  from  the 
reaction  of  sulphuric  acid  upon  common  sfilt  and  wood- 
Bpirit.  It  ia  a  colorless  gaa,  which  mav  be  collected 
over  water,  and  baa  a  density  of  1.V31.  It  lias  a  pecul- 
iar odoi',  is  in  datum  able,  and  may  be  decompoBod  by 
passing  throtigh  a  red-hot  tube.  Chloride  of  lime,  act- 
ing upon  pyroxylic  spirit,  gives  rise  to  methyHc  chloro- 
form. 

Sulphai6  of  Oxide  of  Methyls  (MeO,  SO^)  may  be 
prepared  by  distilling  one  part  of  wood-spirit  -willi  eight 
or  ten  of  oil  of  vitriol;  the  product  is  to  be  washed 
with  water  and  redistilled  from  cnnstic  baryta.  It  is 
an  oily,  neutral  liquid,  Bmellinp  like  gariie;  specific 
gravity  1.324;  boils  at  370°,  It  is  not  soluble  in  wn- 
ter,  but  is  decomposed  by  that  liquid,  especially  at  the 
boiling  pointi  into  sulphonielhylio  acid  and  hydrated 
oxide  of  nietbyle.  It  is  to  be  obsorved  that  in  the  He- 
rles  of  wine  alcohol  there  jb  no  couipouiid  correspond- 
ing to  this. 

2fitrate  of  Oxide  /t/Methj/le  (Me  0,  iVOj)  is  obtained 

Ilovr  h  pjToxylio  spirit  ma  Jo  nni!  whal  ni'e  its  propertica  ?  What 
li  mellivlaled  epirit?  Wlint  fire  llie  propcrticB  of  chloride  of  me- 
ihyln?  Dpscrilia  the  preparalion  nnd  [iropertiea  ol'siilphiitc  of  oxide 
of  iDDliijIe.    Stale  tho  properties  of  iiilralo  of  cix.iie  of  mcthrle. 
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\}j  ihc  action  of  a  mixture  of  wood-epirit  and  oil  of  vit- 
riol upon  iiitrnte  of  poias&a.  It  is  a  colorJesa  Jiqnid, 
bcsvie-r  tlian  water;  boile  at  i£0*  ;  bams  with  a  yellow 
flame;  its  vapor  cxploduB  wlion  heated.  la  a  Boluiiojl 
of  eaufilic  potassa,  it  decomposes  into  uitrstG  of  poiassa 
ami  wood-spirit. 

Ojailatt  ofOxuk  Q/Mdhi/le  {MeOC^O^  is  made  by 
diuilliiig  oxalic  acid,  wood-spirit,  and  oil  of  vitriol. 
Tlie  rnjiiid  wliicli  is  collected  is  allowed  to  evaporate; 
it  yields  crystals  of  llie  oxalate.  "When  pure,  it  is  col- 
ovless,  melts  at  124°,  and  boils  at  322°.    It  is  decom- 

CoBod  by  hot  water  luto  oxalic  acid  and  wood-epiril; 
y  solution  ofammonin  iuto  oxamidc  and  wood-spirit. 
Sulpho*)\ethylie  Ackl  {Me  0,  iSO^+IlO)  is  llie  com- 
pomul  coiTespouding  to  siiEphovinic  acid,  and  is  prepared 
in  ibc  same  way  by  sobslilnling  wood-spirit  fer  alco- 
liol.  Tl  is  thus  procured  as  a  girup,  or  in  Email  crystals, 
solnble  in  water  and  alcotiol.  It  is  an  inslnble  body, 
and  possesses  many  analogies  with  sulphoviuic  acid. 

J-irnjic'  Acid  (C^HO^+NO).— This  acid,  in  tlie 
wood-spirit  series,  ta  tlie  analogue  of  acetic  acid  in  the 
alcohol  series.  It  may  be  procured  on  principles  eimiiar 
to  those  involved  in  the  preparation  of  acetic  acid,  as 
by  the  gradual  oxidation  of  the  vflpor  of  wood-spivit  in 
Clie  air  under  the  inflnence  of  platinum  blaek.  It  may 
be  prepared  by  the  disliilatioii  of  10  parts  of  Ptarch,  3? 
of  peroxide  of  niang^anese,  iiO  of  water,  and  30  of  sul- 
phuric acid;  or  by  distilling  10  parts  of  tartaric  acid,  3 
of  pcroside  of  manganese,  3  of  sulphuric  acid,  mid  3  of 
water.  The  dilute  add  distillate  ia  satm  atfd  with  car. 
bonnie  of  lead,  and  the  formate  of  lead  purified  by  crys- 
tallization. U  is  then  decomposed  by  an  equivalent  of 
Bulphiiriu  acid  or  by  sulphnreted  hydrogen.  It  has 
been  prepared  by  distilling  oxalic  acid  and  glycerino  at 
212".  The  oxalic  acid  ia  resolved  into  foruiic  and  car- 
bonic ncidii,  the  glvcerinc  remain  in*;  unchnnged, 

Formic  acid  occurs  nnturallj  in  ilie  bodies  of  red 
ants,  and  hence  obtained  its  name.  Laving  been  first 
(lerivod  from  the  dislilLilion  of  iIiobc  nniniais.  Aiihy. 

IVtinl  body  (!o*a  sulphornethylic  ociii  resemtila?  "Whai  Bcid  is 
fof-mio  oi'ict  tlie  minlociic  of?  How  is  fiirniic  acid  mmlc?  DescriUo 
its  piiidiiciioii  from  osnlic  aciil.    Wbat  is  tbc  origin  of  tlic  nnmc  ? 
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droiis  formic  acid  (C^HO^  obviously  contains  the  ele- 
meata  of  two  atoms  of  uarboiiia  oxide  an  J  one  of  watei-. 
It  yields  two  hydrates,  respectively  containing  one  and 
two  atoms  of  walei'.  The  fii'st,  foi"  whiiih  the  fovriiiil.i 
has  already  been  given,  is  .1  very  acrid  fuming'  liquid, 
Bpecific  gravity  1.22,  crystal lizable  below  33°,  bo'iling  at 
220°,  and  yielding  an  infiatniuable  vapor  whose  density 
la  2.125.  Forrnic  acid  13  represented  as  the  teroxide  of 
Formyle  ( G^H-\-  O3) ;  it  yields  a  complete  scries  of  sails, 
and  haa  be*a  used  A9  a  reducing  agent  in  photographic 
developers, 

Chloroform  (C^HCl^)  ia  made  by  distilling  wood- 
spirit  witb  a  aolutioa  oi' chloride  of  lime,  or  chloral  with 
liiuQ  aad  water,  or  a  inixturo  of  1  part  of  alcohoE,  34 
parts  of  water,  and  6  parts  of  chloride  of  limo.  It  is  a 
colorleag,  transparent  liquid  ;  specific  gravity  1.5;  boils 
at  140° ;  the  density  of  its  vapor  is  4.2.  It  btn-ns  with 
a  green  flame ;  Is  readily  vaporizable ;  almost  itts olnhlo 
in  water,  but  soluble  in  alcohol  and  ether;  dissolvea 
resins,  bromine,  iodine,  the  alkaloids,  and  many  other 
Bnbatauces. 

When  the  vapor  of  chloroform  is  respired,  diluted 
with  siir,  it  speedily  produces  insensibility,  and  ia  there- 
fore useful  as  an  anmthetic  in  snrgical  operations,  and 
on  OGcasiona  when  pain  is  to  be  avoided.  It  should 
never  be  respired  by  persons  having  affections  of  the 
lungs  or  heart,  and  mast  always  be  taken  iu  the  rccura- 
'bent  position,  with  the  clothing  loosened.  JTotwith- 
standing  these ,  precautions,  death  occasionally  results 
from  its  use. 

Tlio  relation  between  formic  acid  and  chloroform  is 
obvious,  consisting  in  the  substitution  of  three  atoms 
of  chlorine  for  threo  of  oxygen.  It  ia  regarded  aa  tSie 
terchloride  of  formjio.  There  are  two  aualogonB  eom- 
paunds : 

Bromoform  C^flBi't 

lodaCasia  _ .  C^TtTj 

Fhrmomethytal  {C^JT^O^)  is  prepared  by  distilling 
ood-apirit,  oxide  of  manganese,  and  dilute  sulphuric 

Wlint  cmnpounds  does  fomiic  acid  tioIJ?  Udw  ia  clkloroforla 
modef  Of  wlint  use  is  cliloroform?  What  precnutions  should  be 
taken  in  respiring  ii?  What  aru  the  fuimnlas  Car  cliloroforra,  bro- 
moform, and  iodoform?    Honr  is  formomethTiBl  prejiareJ? 


UUMlliUilONa  IN"      ETHVLK  COMTOCSBS. 

*ci(I.  On  Mturatmg  ibe  prodoct  with  potassi,  roniic 
mcthylnl  separates  «9  a  colorless  oiiv  liquiJ,  PptwSt 
gravity  .855,  Wiling  ftt  107'^,  and  soluble  III  M  aler, 

J/EfAyfe-MiiJrcajDten.— Korraed  Jike  the  cotniBon  nier. 
eautun  dv  BubalUating  BulphoruetbyJale  of  potam  ftf 
Bulptio^  matc  of  lime.  It  is  aaalogous  to  cotuaioo  niK- 
capUn. 

Wlicn  cblorine  ia  made  to  act  on  the  oxiJe  oftuf-' 
thyle  at  comnion  temperatures,  it  remoYes  one  oflliu 
hjilrogen  atoms,  aad,  by  continuing  the  action,  a  i» 
ouii  may  bo  taken  away,  and  the  proce&s  of  suljetiw- 
lion,  as  shown  in  tbe  folton-iug  series,  may  be  carried  so 
far  as  to  end  in  tlic  entire  removal  of  the  hydro»enwii 
oxygen,  and  the  production  of  ehloi-ide  of  carbon; 

OiiJe  of  aiothrlc  C,JI,0 

lat  siilislilulian   Cj/ 0  CI 

"   cla'o.a. 

3d         "   „  C      O.  C? 

ith        "        Clilo^ride  of  Carbon  c] 

Oilier  raethylic  camponnda  furnish  similnr  serieS) 
thas: 

Cbiorido  of  Mcttivla   .„„.,.,  ,„  0 17  CI 

1  St subfiiUttCica  ,   c'f/c/ 

2i       "■       Chl&roform...   Cs'cf^ 

Bd  Cblorido  of  Carbon  cC  C/^ 


LECTDTIE  LSXVm. 

The  Potato-Oil  Giiovr, ~Am.2/le,~F\(sei  OU.— ^Chlo- 
ride, of  AmyU.  —  Sidphaimjlic  Acid.  —  Amyhne-  

yukrionio  Aciif. 

Tub  Beszotle  Grow. —  Oil  of  Sitter  AlniondK.  

Iie)i2oif  Afkl.  —  Sulp/'obc-iisma  Acid.- — Chloride  <^ 
Dti'zoyh . — Senzamitle . — Hydroben  zamide. 

Ik  tho  ilistillrtiion  of  "brandy  from  potatoes  a  volatUs 
oilna-  ;     thohydratcd  oxide  of  a  oomponiid 

':i>^ll- 


■Vlade  of  mellirlHl  ?  Give  tlia  ae- 
WliBl  i»  lilt  conipontian 
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Hie  Potato -Oil  Group. 

tnjle,   =Afl 

Am^lic  Kiticr  —AiflO 

Arajlie  AJcpliol  (tptnto  Oil>-  ^AytQ^HO 

Cliloride  of  Amjic  ..^AyiCl 

Etc.  Etc. 

Amylene  —  Ch^'id 

Valerianic  Acid  —  CifH,0, 

Ample  is  isolated  by  acting  vitli  zinc  amalgam  on 
iodide  of  amyle  under  pressure.  It-  is  a  colorleasj  pellu- 
cid liqiiiJ,  of  an  etlierenl  odor  acd  burning  taste.  Cool- 
ed to  IS"  it  tliickens,  but  does  not  solidify;  epGcific 
gravity  at  52°,  ,7704 ;  boils  at  310°.  It  does  not  ignite 
at  ordinary  teniper.atures,  but  burns  wlicn  Iieated;  is 
insoluble  in  water,  but  is  eolnble  in  all  propOrtlona  id  al- 
cohol and  ether.    It  Torms  a  hydride. 

Amylic  Ether  acts  like  the  ethers  of  eUiyle  and  nie- 
thyle. 

Jiyclrate<i  ftcirfe  ofAmyk — Amylh  Alcohol — Potato 
Oil — Fiml  Oil — 'passes  over  toivai'd  tbe  end  of  ibe  tirst 
distillation  of  potato  spirit  or  corn  spirit,  and  communi- 
catee to  it  a  milky  tint.  On  standing,  it  float's  to  Die 
Burface,  and  may  be  purified  by  w,a8hing  with  water, 
drying  -with  chloride  of  calcium,  and  redistillation  nt 
268°.  It  is  a  colorleas  liquid,  of  a  peculiar,  nauseating, 
suffocating,  and  persistent  fidor,  and  acrid  taste ;  epecit- 
ic  gravity  .812  ;  boils  at  270",  cryBtallizes  ,iL  4°.  It  in 
Sparingly  soluble  in  water,  but  dissolves  in  alcohol,  etber, 
and  fixed  and  volatile  oils.  When  acted  on  by  oxidiz- 
ing agents  it  yields  Yaleric  acid. 

CfiloriiU  ofAmyh  is  made  by  distilling  equal  weights 
of  potato  oil  and  percbloride  of  phospliorus,  washing 
with  pota$sa  water,  and  redistilling  from  chlorido  of 
calcium.  It  is  an  aromatic  liquid,  toils  at  215°^  and 
burns  -witb  a  green  flame.  Under  tbe  influence  of  sun- 
ehino  eight  of  ita hydrogen  atoms  may  be  removed,  eight 
chloriuB  atoms  being  subetitatcd  for  them,  C\(,ITiiCl 
yielding  C-^^^Cl^^,  forming  chlorui'eted  chloride  of 
amyle. 

Mention  iho  members  of  lha  potnto-oil  Eraiip.  What  rto  ihe 
properties  of  amvle  ^  Dfsnribc  fiis«1  oil.  How  ia  chloride  of  Bmylo 
made  7  VTbat  effect  bits  cblorine  on  it  under  ttic  inlluence  of  sun- 
Bbine  7 
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The  Iodide  and  Bnmide  p/Amyte  are  coiuponntls 
analogous  lo  the  cliloride. 

Acetate  of  the  Oxide  of  Amyte  Is  obtained  by  tlistil- 
liiif;  act^ute  of  poUissa,  |)oiaio  oil,  aiitl  8ul2>Iiui-ia  acid, 
It  is  n  colorless  tirjuid,  wliieli  boils  at  257". 

SitlphainyUc  Ai'icl  {^Ai/lO^  i S 0.^11  ■\- II O)  isgcnerateJ 
wlicn  aulphurio  acid  is  made  Lo  aul  on  nii  equal  weiglit 
of  iiotato  oil.  From  this,  by  tlie  BUccessive  action  of 
carbonate  of  baryta,  and  6u]|jhiiric  acid,  it  may  be  pro- 
cured by  operating  on  the  same  pnnciplea  aa  for  buI- 
phovinic  acid,  to  ivhich,  both  in  constitution  and  prop- 
eil-ies,  it  is  .malogoiig.  It  a  sirupy  or  crj-slalliae  bf-dy, 
and  is  decompoa^ed  by  ebullition  iuto  potato  oil  and  sitt- 
phurio  acid, 

Amylene  18  obtained  by  tbe  action  of  anbytlrous  phos- 
pboric  add  on  potato  oil.  It  ia  an  oily  liquid,  lig-hEpr 
llian  water, boiling  at  102°.  It  is  a  hydrocarbon,  iso- 
inuric  with  olefiant  gas  and  etberine.  Tlie  density  of 
its  vapor  19  5.00,  five  tiracs  that  of  olefiant  (j:as;  eaeii 
volume  of  it  therefore  contains  ten  volumes  of  liydrogen 
and  ten  atoms  of  carbon.  It  lias  been  used  as  an  an- 
seslliGtic,  but  lina  caused  fatnl  results  several  titties.  It 
occupies  the  same  posilion  tliat  olcfiaot  gas  does  in  the 
wine-alcohol  series. 

Valerimi.ui  Acid  (C^^IT^jO^  boai-8  the  Eflme  relation 
to  tbe  amyle  group  that  acetic  ncid  does  to  the  wine-al- 
coSiol  group,  or  formic  acid  to  the  ivood-spirit  group. 
It  ia  formed  when  warm  potato  oil  i3  dropped  on  pla- 
tinum black  in  contact  with  ihe  sir.  It  occurs  nntural- 
ly  iu  the  root  of  the  Valeriana  O^dnalls  and  oilier 
plants,  and  in  train  oil,  but  is  best  made  by  heatin^^  po- 
tato oil  in  a  flaalc  with  a  mixture  of  quick  lime  and  Iiy- 
drate  of  potassa  for  several  honrs  at  a  temperntare  of 
400°.  The  white  reaidue  is  immersed  in  cold  water  and 
distilled  with  a  slight  excesa  of  sulphuric  acid,  so  as  to 
drive  off  hydrnted  valerianic  acid  and  water.  It  is  an 
oily  liquid,  of  an  acid  taste,  specific  gravity  ,944,  com- 
bu;slible,  and  boiling  at  270".  The  anhydlrona  acid  is 
formed  by  the  action  of  oxychlorido  of  phosphorus  on 

How  ia  Bulpliamylic  aoi-J  peneraled  ?  Wliat  aro  tliG  propenies  of 
nrnvlene  ?  Whnt  nre  its  reljilions  10  olefiant  gns  f  What  is  the  an- 
"lugiio  af  vale  lip'"  ii^  ociil?  How  is  it  piailc?  How  is  anlijdroiu  vn- 
ieiimic  aciil  made? 
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Tftlerate  of  potassa.  It  is  a  limpid  oil,  with  a  BtiicU  of 
apples,  "but  on  contact  ivith  wntor  It  ia  bydfated,  and  ac- 
quires an  intense  odor  of  valerian. 

Wlien  acted  on  by  clilorino  in  tlie  dark,  and  the  ac- 
tion iiidcd  by  beat,  it  gives  I'lse  to  Vhhfovakrisic  Acid 
(  O^^yUg  Clj  O-^-^JTO).,  ill  whicb  there  has  been  a  rcnioval 
of  three  hydrogcQ  atoms  .lod  a  Biibstitiilion  of  three  of 
chlorine.  Tender  tbo  influence  of  the  sunshinO,  hy  the 
panic  process,  nnolber  hydroeeu  atom  is  removed,  aiad 
CAlorovalerosic  Acid  forms  (Cio^&Cl^Oj-^-HO). 

7Tic,  Senzoyh.  Group, 


BeneoylePj,J7sOa  =Bi 

Hydride  of  Benioyk  —BzH 

Oxide  of       "       (Benioic  AcidJ  —BzO 

Chloride  of    "   ^BiCT 

Etc.  Etc. 


BmzoyU  has  been  obtained  as  a.n  oil  by  the  dry  dis- 
tillation of  benzoate  of  copper.  It  diacha.rges  the  func- 
tions of  a  metallic  body. 

Hijdnde  of  Bmzoyh  {  Oil  of  Bitter  Almondi)  ia  ob- 
tained by  the  distillation  of  bitter  almonds,  from  whioh 
the  fixed  oil  baa  been  expressed,  with  water,  and  arises 
from  the  actiott  of  the  water  npon  Amyfjdalme  con- 
tained in  tbo  seed.  It  may  be  puriticd  from  tbo  hydro- 
cyanic acid  it  contains ;  it  must  be  agitated  with  railk 
of  lime  and  protochloride  of  iron  and  redistilled.  It  is 
a  colorless  liquid,  of  an  agreeable  odor  and  pnugent  fla- 
vor, not  poisonous,  as  it  ih  naed  in  cookery,  slightly  solu- 
ble in  watoi",  but  very  soluble  in  alcohol  and  ether.  It 
boila  at  350°,  ia  inflammable,  and  oxidizes  in  the  ^r  into 
benzoic  acid. 

Oxide  of  JBensoj/le — Benzoic  Acid—is  obtained  by 
sublimation  from  gum  benzoin,  a  resinous  exudation  ot" 
the  Styrax  Bmz-oin,  a  tree  growing  in  Sumatra,  Borneo, 
and  Jav.i.  It  is  found  !n  the  pods  of  vanilla.  The  ben- 
zoin ia  placed  in  a  shallow  vessel,  over  the  top  of  which 
a  covering  of  filtering  paper  is  pasted,  and  this  covered 
by  a  taller  cylinder  of  stouter  |)aper.    On  beating,  the 

Wtat  effect  has  chloriao  mi  it  in  llio  dark  and  in  tlio  ennshiiior 
How  is  the  lijdride  of  bcnioi'lB  made?  Whjit  are  iha  propertita 
of  oil  of  bitter  fllinonds  7  What  is  Uie  Bource  of  iMnzoic  acid  ?  Dfl^ 
Ecribe  llie  method  of  pi^paration. 

T 
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product  being  wasted  with  etlier,  and  from  its  alcoTioUc 
solution  this  eubstaace  crystallizes ;  but  when  impure 
aljnood  oil  is  employed,  three  other  compounds  may  be 
obtained  —  beuzhydramidej  azobenzoyle,  aud  nitroben- 
zoyle. 


LECTURE  LXXIX. 

The  Salicyxk  axd  Cifnasiyle  Gitorrs. — Benzoiiie. — 
Senzone. — Senzole.  —  Snlphobenzide. — J?^itroh&)siJe. 
—  Ghlorobenzide-, — Sippvnc  A<:i(l.~Oil  of  Spiraea. 
^Salicylic  Acid.^Compounds  of  Cinnamyle. 

Bknzoine  (Cjsffiaf^i)  13  a  bodj  isomerio  willi  bitter 
almond  oiJ,  but  inodorous  and  tasteless.  It  is  found  in 
tbe  residiio  after  pMrifying  that  oil  from  hydrgqyanic. 
flcid  by  distillation  from  lime  and  oxide  of  iron,  aud 
may  be  obtained  by  dissolving  out  those  bodies  by  hy- 
drochloric acid.  It  crystallizes  from  an  alcoholic  solu- 
tion, on  cooling,  iu  colorless  crystals,  wbicb  melt  at 
248°.  It  dissolves  in  an  alcoholic  solution  of  caustic 
potassa,  ■which,  by  boiling  until  the  violet  color  has  dis- 
appeared, furnishes  benz:i!ate  of  potassa,  a  salt  from 
^bich  benzilic  acid  may  be  obtained  by  hydrocLloric 
acid.  The  conBtitution  oiJi&tsiHc  acid  is  ( t^jg^ffn  fj-f- 
HO). 

£etizfm6  {(TjgiZlj  Oj)  ia  obtained  by  the  distillation  of 
dry  benzoate  of  lime  with  a  little  lime  at  a  liigh  tem- 
perature. A  red  liquid  passes  over;  it  is  redistilled, 
and  the  liquid  that  comes  over  between  600°  and  620° 
ia  benzone,  or  JienzofilieriQn^.  It  crystallizes  in  trans- 
parent rhonabic  prisms,  insohible  in  watei',  soluble  in 
alcohol  and  ether.  The  formation  from  benzoate  of 
lime  is  thus  explained  ; 

Henzhie — lienzole — Fhene  {  Ci^i/j)  —  occurs  in  the 
volatile  liquids  condensed  fi-om  coal  naphtha,  but  is  best 
obtained  by  distilling  one  part  of  benzoic  acid  with 
three  of  Blacked  lime.  It  is  a  limpid,  colorless  li<]uid, 
epecifio  gravity  .85, boils  at  170%  sohdifiea  at  40°,  iuKol- 

How  is  bcnzuinu  procured?  Wlat  arc  its  pToperties?  "Whal  is 
iho  process  for  olitdining  beBzona?  'Where  docs  beniola  occur? 
"WTint  arc  ]la  propcrliea? 
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uWe  in  water,  golnble  in  aleobol  md  elhei-.  lo  itaP 
tnstioii,  one  cnuivalcnt  of  l>eii«oic  aciil  yiel<l3  two  e<]ui 
nlents  of  carbi>Dic  nciil  niiil  one  of  benzine: 

Sulpfiobeaside — iSulphvhfmoU  {V^It^SO^) — is  made 
by  taking  the  substance  which  arises  from  tlie  union  of 
benoDe  with  aoliydroiis  Eulphuric  acid,  and  acting  upon 
it  with  an  excess  of  water.  The  snlphobenidde,  wliich, 
is  insoluble  iu  ibat  liquid,  may  be  obtained  in  orystala 
from  its  ethereal  solutioa.  It  molts  at  2 1 2°.  From  the 
acid  liquid  from  which  it  haa  been  Bcpnratefl  hypostd- 
phof)mziiUc  acid  may  be  obtained.   Tlie  coiistitutioD 

yierobtt}zije  —  N'itTQhensoli  ( C^z^b^^d  —  's  pro- 
duced by  adding  b>eDzine  to  lamiDg  nitric  acid  gently 
'beated.  It  is^  an  oily  liqnid,  of  a  sweet  taste,  heavier  tban 
water,  boils  at  415",  and  is  used  by  perfumers  and  confeo- 
tioners  under  the  name  of  Essmce  nf  Mirham,  or  bit- 
ter almonds.  From  it  Azobertside,  C'ljZZsiV,  may  be  ob- 
tained by  di^tillatioa  witb  au  alcoholic  solntion  of  caus- 
tic potassa,in  the  form  of  red  crystals;  the  liqnid  con- 
tains Aniline.  £-inilrohenzole,  Cu-ffj  O^N^,  results  from 
tbe  action  of  nitric  and  sttlphqrio  aci()s  upon  benzine. 
In  these  derivatives  of  benzole  one  and  two  atotas  of 
hydrogen  are  replaced  by  one  and  two  atoniB  of  2^0^. 

CAlorode/izine —  ChlorQi/ensole  ( Cu^C's) — formed 
by  the  union  of  benzine  and  chlorine  in  t  he  snn's  rays. 
When  distilled,  the  soHil  vields  hydrochloric  acid  and  a 
liquid,  Chlorobtnzuh  (C.^/fjCy. 

Ifi/i/mrio  Acid  {C,gffsO^Iv—ITO)  is  found  in  the 
urine  of  graminivorous  animals,  and  occurs  in  the  urine 
of  persons  who  have  taken  benzoic  acid.  It  may  be 
prepared  by  evaporating  the  fresh  urine  of  the  cow, 
and  acidulating  the  concentrated  liquor  with  hydroohlo- 
ric  acid ;  crystals  of  hippnric  acid  are  deposited,  which 
may  be  piiriiicd  by  dissolving  in  boiling  alcohol.  On 
cooling,  colorless  four-sided  prisms  separate;  they  are 
soluble  in  500  parts  of  cold  water,  but  are  abundantly 
dissoh'ed  by  boiling  water  and  alcohol.  By  ft  high  tem- 
perature and  the  action  of  dilate  nitric  or  hydrochloric 

now  ore  Bul]ihol«nziilo  atuX  mtrobenziJe  maie  ?  Givs  some  of 
[jic  oiU'i^r  i3oru-aiu]iiB  of  hcaxoie.  Vfhere  doei  hipjiuric  aciil  nalaraU 
Iif  occu'^    WUfll  are  ils  properties? 


THE  SAUCYUI  GltOUP. 


aci3,  it  yields  TDeozolc  aoici  and  gelatin  sugar.,  or  GtyCQ- 
col.   It  gives  rise  to  a  aei'ies  of" salts — the  iiippiiiates. 

Thb  Salicyle  Group. 

There  is  contained  in  tbe  bark  of  tliQ  ivilloir  and  otb- 
er  trees  a  bitter  cryataliiDe  principle,  Saucine  (C^S^^ 
On)-  It  may  be  extraoteJ  hy  boiUug  tbo  bitter  bark  in 
water,  and  digesting  the  concentrated  solution  with  ox- 
ide of  lead  to  decolorize  it,  removing  any  ilissotved  load 
by  sul p buret ed  hydrogen,  .incl  evaporating  until  the  aal- 
icine  cryslJillizea.  It  forma  white  needles  of  a  bitter 
taste,  much  more  soluble  in  hot  than  Cold  wAtOf,  Tho 
Bolutious  have  a  bitter  taste,  nncl  are  Itevo-gyrato  with 
regard  to  polarized  light.  Salicine  Is  characterized  by 
the  deep  ted  Color  it  giveB  with  strong  sulphuric  acid  ; 
when  boiled  with  sulphuric  acid,  grape  sngar  is  a  prod- 
uct; nitric  acid  converts  it  into  oxalic  and  carba^iotio 
acids. 

T!ie  Salicyle  Group. 


Salicyle,  Ci,rftOt  =Sa 

Salicylona  Acid  =Saff 

loijide  of  Saiicvie-..-  =SaJ 

Chloride  ol'   ,  ...^SaCl 

Eic  Etc. 


Salicyioiis  Acid —  Oil  of  Spircea  Uhnaris,  orJtfeixdcw 
Siceet  (^C^IFi^O^U) — is  prepared  by  distilling  one  part 
of  salicmc,  one  of  bichromate  of  potasaa,  two  and  a  lialf 
of  sulphuric  acid,  and  twenty  of  water,  the  salicine  b<?iiig 
dissolved  in  one  part  of  the  water  and  tlio  acid  mixed 
with  the  rest.  The  yellow  oil  whicli  eomes  over  is  rec- 
tified from  chloride  of  calcium.  It  may  also  be  obtained 
by  distilling  tlie  flowers  of  n[ie3dow-sweet  with  water. 
It  is  transparent,  but  tuma  red  in  llie  air ;  is  shghtly  s.ol- 
uble  in  water,  but  very  solnblc  in  alcohol ;  ppecific  grav- 
ity 1.173  ;  boils  at  385";  contains  the  same  elements  as 
benzoic  n-cld. 

Salicylic  Acid  (C',,i^'?4+  0)  is  obtained  by  the  ac- 
tion of  liydratc  of  potnssa  an  the  foregoing  body  by  the 
assistance  of  beat.  After  the  diBengagCnient  of  hydro- 
gen is.  over,  the  maEs  is  dissolved  in  wiiter,  and  salicylio 

lloK  is  BAljcine  dbtaiaed?  Givo  the  tests  for  it.  What  is  the 
composilioa  of  oil  of  epir^^?   How  is  it  made?    p^sctibc  sjdicyliq 
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HydrMe  of  Cinnamyie  ( Oil  of  Cinnamon)  is  obtnia- 
by  infuaing  cinnamon  in  a  soiutiou  of  salt  and  then 
distilliiJg  tlie  wliole.    It  ia  heavier  tiao  water,  and  may 
be  separated  fiom  that  liquid  by  coutuct  with  chloride 
of  ealciam . 

Cinnctinic  A.cid  Is  formed  when  oil  of  cinnamon  is 
exposed  to  oxygen,  the  oil  becoming  a  white  crystalline 
mass — hydrated  einnamic  acid.  It  may  also  bo  made 
by  dissolving  the  oil  of  Balsam  of  Tola  in  an  alcoholic 
Bolntiou  of  potassa,  evaporating  to  dryness,  dissolviog 
in  hot  water,  and  adding  to  tlio  einuamatfi  of  potassa  an 
exc^  of  hydrochloric  acid.  It  melts  at  248°,  and  boila 
at  560°.  It  is  Bolulile  in  boiling  water  and  alcohol;  is 
decomposed  by  nitrio  acid  into  oil  of  bittel'  almonds  anil 
bcnKoic  acid. 

C/ilorocinnose  {C\iII^m,0^  arises  from  oil  of  cinna- 
mon by  the  substitution  of  fonr  atoma  of  ehlorine  for 
four  of  hydrogen,  aud  is  made  by  the  action  of  chlorine 
on  oil  of  cinnamon  by  the  aid  of  heat.  It  crystaUizes 
from  its  alcoholic  solnlion  in  colorless  needles. 

CHnnam.de  (Ci^Ss),  which  bears  the  same  relation  to 
einuamic  acid  that  benzole  does  to  benzoic  add,  is 
formed  when  cinnamic  acid  ia  distilled  with  baryta.  It 
"  ieomeric  with  Styrok. 


LECTURE  LXXX. 

TuE  NiTROGEHizED  Peinciples.  —  Ammonia  and  its 
Saltti^ — G-rAnoasa.—IFi/droci/anic  Add. — Amygdia- 
line. — Cyanide  of  Fotaaaium. — Cyanic,  Fidminic, 

^  ajjrf  Cyanuric  Acids. 

'  Ammonia. — I  have  already  deaoTibed  in  Leetoro  LVI. 
"the  compoundB  of  hydrogen  and  nitrogeu,  under  tba 
names  of  amidogen,  ammonia,  and  ammoninm,  and  have 
also  shown  the  relation  there  is  between  the  salts  of 
potasaa  and  soda  and  those  of  the  osidc  of  ammonium. 
This  componnd  metal  is  a  hypothetical  body;  its  exist- 
How  is  oil  of  cinimniDn  proeored?  What  is  citinainic  iicid? 
State  its  iirofjcrtics.  How  arc  cliltirociniinso  and  rmnnniole  mmle? 
Wliat  Mtnpocini!!!  nf  nitrogen  and  hydrogen  are  there?    How  may 

nmmoiiiiim  he  ftoAaceil? 
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cnce  luaj-,  bowevei*.  be  illDEtratcd  by  passing:  a  Voltaic 
Ctureot  ibruugiJ  a  globule  of  mercury  in  contscl  with 
moist  diloride  of  annHoniuni,  or  by  putting  an  amalgam 
of  mercury  aud  jiotasfiiiim  in  a  strong  sdUiLioii  of  tliat 
salt.  Tbe  mercury  rapidly  increases  in  volnme,  retain- 
ing its  metallic  aspect,  becomes  of  the  consistency  of 
baiter,  with  a  very  trivial  increase  of  weigbt,  the  result- 
ing substance  being  Ammuniacal  Amalgam.  All  atr 
tempts  to  insalate  ammoDinm  from  it  have  failed. 

Toe  most  important  salts  of  amtuonia  are  the  fbllaw 
ing: 

CJiloride  of  Ammoniuni — Sal  Ammoniac — waifor- 
tnerly  brought  frotu  Egypt>  but  is  now  maJc  from  ilie 
aniniouiacal  liqaoi's  resulung  from  the  (iestruclive  dis- 
ijlJ.nicin  of  animal  maltprs,  coal,  etc.  Il  is  soluble  in 
an  equal  weiglit  of  boiliog  water,  crystallizes  in  cubes 
or  octahedrons,  and  eiiblimes  below  a  red  heat  on^ 
changed.  It  is  decomposed  by  limo  aDtl  potassa,  and  is 
formed  when  the  vnjiors  of  simtnonia  mingle  -with  ikose 
of  hydrochloric  acid.  Il  Is  much  u&cd  for  tinniug  met- 
als in  soldering. 

XUroit:  ofAmmotiin  ia  formed  by  neutral'  zing  nitric 
acid  with  ammonia.  It  is  deliquescent,  and  therefore 
TCTT  soluble  ia  wat«r.  At  22'  it  fuses,  at  356"  boils,  at 
400  is  resolved  into  protoxide  of  nitrogen  and  water, 
at  600"  dcconij>oses  wiih  slight  explosion. 

Cari»ynatts  K-f  .Ijh»kH!)ii.  — The  neutral  carbonate 
MmIv  exists  in  coinbimiti»p.  Wiih  the  carbonate  of  wa- 
Wr  it  unites,  forming  Biearbcnaie  of  Ammo?iia,  wliich 
mav  l>i?  (in'parcd  by  washiat»  the  commercial  Sev^ni- 
^Mrts-'niTfe  «nh  n  atcr  or  alcohol,  which  leaves  il  luidis- 
MvtHl,  Thv  cnboiiaie  ofainraonia  of  coinmerce.  Sale 
^if  Nitrts^orn,  is  |ircpare<!  by  sublimalion  from  a  mix- 
ture of  sal  nnimoniiic  and  chalk.  Its  constitution  ia 
ni'!  11,  ihoiitrh  it  is  comnumlv  regarded  as  a  ses- 

iSi-.^..',.!.,      Aiunmiiia  maybe  made  by  neutralizing 
MlUl.tivii'  m-id -witli  carbonate  of  ammonia.    It  is  soUi- 
:  <v  i,v  ils  weight  of  cold  water,  and  crystallizea  in 


.  '  '"w     Imlmcil  f  What      the  sonrces  of  *al  tunmo- 

•**•      "    ■ ,  <'huwD  iwnri  in  nitrWo  of  aminonia  ftl  100°  f  Dp- 
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Ifi/drmvlphate  of  Ammonia  —  Sulphide  of  Ammo- 
nium— is  made  hy  passiug  sulphiireteil  h^drogeo  into 
water  of  ammonia  uutil  no  more  ia  aliaorbed.  ■  Though 
colorless  at  first,  it  absorljs  oxygen,  and  Bulphnr  being 
liberated,  it  turns  yellow.  It  is  of  considerable  ■use  as 
a  test  for  motals. 

Cyanogen — Bicarburet  of  Nitrogen  (C^A'"). — The 
mode  of  preparing  tliia  remarkable  body,  and  also  its 
leading;  properties,  have  been  dcecribed  in  Lecture LVL 
It  is  of  great  interest  in  organic  cliemislry,  as  being  tiio 
first  difitinclly-establialied  coiupoiinii  radical,  and  the 
boat  representative  of  the  electro-negalive  class  of  tTiose 
bodies. 

We  may  call  to  mind  that  it  Is  easily  made  by  the 
decomposition  of  cyanide  of  mercnry  at  a  low  red  heat, 
is  a  condensible  gaseous  body,  soluble  in  water,  and 
therefore  must  be  collected  over  mercury.  It  ie  com- 
bustible, and  burns  with  a  purple  flame. 

The  Cyanogen  Group. 

CynnoEen,  C,N  

Hjclrocjanic:  Acid  C'gU 

Cynnic  Acid  CyO 

Fulniinic  Acid,,,,,,.,,  ,.,.,,.„  ,,,,.,„,,„. C^^t^g 

Cyonuric  Acid  ,  Cn^Os 

Eic.  £lc. 

ParacymiogeniO^N^. — When  the  cyanide  of  mer- 
cury is  decompoBcd  in  the  process  for  preparing  cyano- 
gen, a  brownish  substance  is  set  free,  which  is  paracy- 
anogen.  It  ia  ioeolnble  in  water  and  alcohol,  and  is  pof 
yraeric  with  cyanogen. 

Hydrocyanic  Acid — Prusaic  Acid —  Cyanide  of  Ily- 
drogen — may  be  obtained  in  a  state  of  ])iirity  by  pass- 
ing dry  Bulphureted  hydrogen  over  dry  cyanide  of  mer- 
cury in  a  tube,  and  conducting  the  vapor  which  is 
evolved  when  the  tube  is  warmed  into  a  vial  immersed 
in  a  freezing  inixtnrG.  The  result  of  the  dGcoraposition 
ia  sulphide  of  inorcury  and  hydrocyanic  acid.  In  a 
state  of  aqueous  solution,  it  ia  best  obtained  by  the  ac- 
tion of  dihtte  sulphnric  acid  on  fe-rroeyanido  of  potassi- 

l\o\i 'm  hydrasiil  III  lata  or  aitifAoniA  iDAcli^?  Whal.  lA  the  comjMsI- 
tion  of  cynnogen?  "Wliy  is  it  of  irterest?  Name  aonic  members  of 
(liQ  cynnogen  group.  Whal  is  poraajanogGD  ?  Hon  is  hydrocyanic 
Bcid  made  ?    Gito  anollier  metlind , 
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jnaBmucIi  as  these  ore^anic  bodies  yielJ,  ■when  disUlled 
with  water,  that  siibsiance,  Tha  clfangQ  cousists  in  the 
n.ction  of  water  npon  amygdaline  by  tlie  aid  of  an  azo- 
tized  t'eiTncnt  called  Stjuaptase  or  EmiUsine,  which  con- 
BtitutBH  the  Inrger  portion  of  the  pulp  ofnlniondBi  tho 
bitter  almond  oil  at  the  same  time  makes  its  appearance. 
Amygdaline  may  be  extracted  from  the  paste  of  bitter 
almojids  when  the  lixed  oii  hns  been  espressed  by  the 
aid  of  boiling  alcohol.  The  alcohol  being  subsequently 
distilled  oS,  the  augar  coDtsined  iu  tho  Hiriipy  residue  is 
destroyed  by  fermeotation  with  yeast.  The  liquiJ,  be- 
ing evaporated  again  to  a  simp,  is  mixed  with  alcohol, 
whicli  precipitates  the  ainygdaiinc  as  a  wliito  cryatallitie 
powder,  purified  by  beiug  i-edissolved  in  alcohol  and  left 
to  cool.  It  is  eolublo  in  hot  and  cold  w.iter,  but  sparing- 
ly soluble  in  cold  alcohol,  A  ivcak  Kolnlioii  of  it  in  wa- 
ter, under  tho  iuflucnco  of  a  small  quantity  of  an  emid- 
sion  of  sweet  almonds,  yields  at  once  oil  of  bitter  al- 
iDonda  and  hydrocyanic  acid ;  Bugar  and  formic  acid  are 
also  pTodnced.  "When  amygdaline  is  boiled  with  an  al- 
kali it  givea  rise  to  AmyyduUc  Acid,  which  ibrma  a  salt 
with  the  alk.ilij  and  ammonia  is  evolved, 

Cyanide  of  J'otassinm  may  be  formed  "by  the  direct 
tmiou  of  cyanogen  and  potassium,  or  by  the  ignition  of 
the  ferrocyanide  of  jDotassiuni  in  a  close  vessel.  For 
common  purposes  in  the  arts  it  may  be  formed  in  a  stntc 
somewhat  impure  by  raising  eight  parts  of  ferro cyanide 
of  potassimuj  rendered  anhydrous  by  heat,  with  three 
parts  of  carbonate  of  potassii,  also  dry,  and  fusing  the 
mixture  in  a  crucible,  stirring  it  iintil  the  fluid  part  of 
the  mass  is  colorless.  Tiie  sediment  of  iron,  etc.,  is  al- 
lowed to  settle  and  the  clear  liqnid  poured  off :  it  is  the 
subst.uice  in  cmoetion,  mixed  with  oyniiate  of  potass.i. 

CO,. 

The  formation  of  tho  cyanate  may  be  prevcntocl  by  add- 
ing to  the  mixture,  belbre  fusing,  one  eighth  its  weight 
of  powdered  charcoal ;  the  fused  raasB  may  then  he  di- 
gested ill  boiling  iJcoliol,  from  which  tho  cyanide  crys- 
tallizes on  cooling. 

Cyanide  of  pntassinm  is  very  soluble  in  water,  yields 

What,  ferment;  is  found  in  almoniia?  Wliiu  are  Ilia  properties  of 
amygtliilino  ?    How  is  cyanide  of  [lotsssiiim  mrule  ? 
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ble  in  water,  and  is  a  tribaeic  acid ;  and,  as  has  alreaiiy 
bGea  Etnted,  at  n  red  hent  may  be  distilled,  yielding  cy- 
anic acid  without  any  other  product. 


LECTURE  LXXXI. 

Bodies  allied  to  Cyanogen. — Saltsofthe  Onji^^/ano- 
l/ai  Acids. — Perrocvahqc.ejj. — IVusaiate  of  Potns- 
ea. — J^issiati  Slue, — Fekeicyanogen. — J'trricyan- 
ide  of  Potassium. — Coealtocyasogen. — Sulphocy- 
AKOGEN. — Stdphocyanide  of  Potassium. — Melam. 

Cyaxate  of  Potassa  {EO,  CtfO)  may  bo  prcparecl 
hy  oxidising  cyanide  of  potassium  by  oside  of  lead  in 
an  eartben  crucible.  Tho  result,  boiled  with,  alcohol, 
yields,  on  cooling,  crystals  of  cyanate  of  potassa  in  tliiii 
Iran  spa  rent  plates-,  ^rliich  undergo  no  cbange  in  dry  air, 
but  with  moiatiiro  beconiG  converted  into  bicarbonate 
of  potassa  and  ammonia. 

t'yamte  of  Ammonia — Urea  {C^UfN^O.^. — ^The  va- 
por of  hydrated  cyanic  acid,  mixed  with  ammoniacal 
gas,  yields  cyanate  of  ammonia.  The  sohition  in  wa- 
ter, when  heated,  gives  off  ammonia,  and  the  cyanate 
changes  into  Urea,  from  which  caustic  alkalies  can  not 
disengage  ammonia,  Urea  may  also  be  made  from  the 
acli-oa  of  sulphate  of  araninnia  on  cyanate  of  potassit 

Fulmhiate  of  Silaer  (iiJi?  O,  C^jV^Oj)  is  made  by 
disaolving  silver  in  warm  nitric  acid,  and  adding-  alco- 
bol.  It  separates  from  the  hot  liquid  as  a  white  pow- 
der, which,  being  washed  in  water,  is  dried  in  small 
portions,  at  a  temperature  of  TOO*,  on  filtering  paper. 
It  detonates  with  wonderful  violence  when  cither  strnck 
or  rubbed.  It  is  eparingly  solrtble  in  hot  water,  and 
crystallizes  from  that  solution  on  cooling.  It  yields, by 
digestion  with  water  and  metals,  saJts,  as  those  of  zinc 
and  co]iper. 

J^dminnle  of  ^Fercurjj  (aiJ^O,  C^^^^O^  is  prepared 
In  llic  aame  manner  as  the  foregoing,  and,  like  it,  is  very 
explosive.    It  is  used  for  making  perciiBsi on  cups.  Tha 

Hovf  in  c,yannte  of  pniaaaa  madi?  Whnl  llic  rclaiitin.  between 
crnnalo  of  niiimoniit  nad  urea?  Haw  is  fulminate  nf  silver  nadD  ? 
'^hat  pecaliarities  hag  it?  Wbat  use  13  made  of  die  fuIminaK  of 
mercury? 
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ga»cs  evolvetl  by  its  cxploeion  are  catbonio  acid,  nitro- 
gen, ami  the  vaiior  of  mercury. 

Chlori<fe  of  (.'yanoffert  {Ci/CT^  is  prepared  by  the  ac- 
lir)ii  of  chlorine  on  moist  cyitmde  of  mercury  ia  the 
dnrk.  It  is  n  colovlesa  gaa,  soluble  in  water,  specific 
j;i'avity  1.1244,  congeals  at  0°,  boils  at  11*,  condenEes 
iiilo  n  liquid,  under  a.  pressure  of  four  almosphGres,  A 
iigtiid  couipoiind,  Cij^C!^  ia  obtained  from  tbe  snme 
substances  under  the  nction  of  eutjligbt ;  it  is  a  heavy, 
yellow,  oily  liquid,  insoluble  in  water,  but  soluble  in  al- 
cohol. The  ati//rf  ehlorido  is  procnred  by  adding  hydro- 
cyanic acid  to  dry  chlonue,  and  exposing  to  the  aun- 
shine.    These  coniponnda  are  deadly  poiaona. 

Fj;Kia0  CfYAKOGSS. 

Ferrocyajiogen  (Cf,N'-^Fe  =  Q'{f  ot  Fey)  is  a  cora- 
pottnd  radical,  in  which  iron  ie  an  importsLnt  constitnent. 

Hydroferrocyanio  Acitl  { C/i/,  JJ'^)  may  be  obtained 
by  decorapOBing  the  inaoluhle  ferrocyanide  of  lead  by 
Kulphuveted  hydrogen  while  fiHspended  in  water.  The 
solution,  being  filtered,  is  to  be  evaporated  with  sulphu- 
ric acid  La  vacuo  until  the  acid  is  left  solid.  It  may  also 
bij  prepared  by  dissolving  tartaric  acid  in  alcohol,  and 
pouring  it  into  an  n<iueous  solution  of  feri^ocyanide  of 
potassium,  the  acid  separating  on  evaporation  in  smalt 
crystals.  Another  method  consiBts  in  adding  bydro- 
chloric  acid  to  a  strong  solution  of  ferrocyanide  of  po- 
lassiuin,  and  then  mixiti"  it  ivith  ethGr,  which  precipi- 
tates the  acid.  It  ia  soluble  in  water,  to  which  it  gives 
a  powerful  acid  reaction.  It  decomposes  the  alkaline 
carbonates  with  ellerveBcence,  forming  ferrocyanidea  of 
their  bases ;  is  inodorous,  ajjd  not  poiaonons  ;  Is  perma- 
nent in  the  dry  state,  but,  moistened  and  exposed  to  air, 
forms  Prussian  blue. 

Tkrrocijanide  of  Potasaimn  —  IViissiate  of  Potaa^a 
{2K,  C/y+ 3 /TO). —This  salt  ia  made  on  the  large  scale 
by  igniting  carbonate  cf  potassn,  iron  fihnga,  and  ani- 
mal matter  in  an  iron  vessel.  The  mass  is  then  acted 
on  by  hot  water,  dissolving  out  a  large  unantity  of  cy- 

Wliat  nre  i-iie  propertieii  of  eliloriilo  of  cyanoficnP  What  is  the 
coTtiiiosilioii  orft-rfocynnogeti  ?  Ilmv  niny  hydroferrocyunic  nvid  be 
matio?  Wlinr  tlinuBo  oacars  in  ii  when  expdsed  lo  air?  Gin  tha 
procesa  fuc  miikiug  jiruEtiiate  of  potassa. 


PEirSSIAN  BLtTE. 


447 


anide  of  potassium,  which  is  converted  into  Ihc  feiTocy- 
u,TiidB  by  th9  iron.  The  filter&d  eoluLion,  ou  cooling, 
yields  lemon-yellow  crystals,  soluble  in  four  parts  of 
cold  water.  It  is  not  poisonous.  At  a  red  heat  it  de- 
ootnposes,  cyanide  of  potassium  forming.  It  is  a  valua- 
ble r-oagent,  forioing  Insoluble  precipltatea  in  many  rae- 
taliic  Bolutiona:  ichiCc  with  the  salts  of  manganfse,  zinc, 
tin,  ■cadminm,  lead,  bismulli,  autimouy,  protosalte  of 
irou,  inerciiry,  and  silver ;  yellowish-ffrcen  with  those  of 
cobalt;  reddish-browTi  with  those  of  copper  and  urani- 
um ;  bi<i6  with  the  persalta  of  iron ;  pea-green  wilh  tho 
salts  of  nickel. 

Common  Prussian  Blue  {^Cfij'\-iFe)  is  prepared 
by  precipitating  a  pei'salt  of  iron  by  solution  of  feri'O- 
cyaoide  of  potassium.  When  dry,  it  is  of  a  deep  blno 
color,  with  a  Instre  of  coppery-red.  It  is  insoluble  in 
water;  is  dcconlposcd  by  alkntine  solutions,  ivbioh  yield 
alkaline  ferrocyanide,  and  )>recipitate  oside  of  iron.  It 
is  soluble  in  solution  of  oxalic  add,  and  then  constitutes 
the  bfusia  of  blue  writitig  inka.  It  is  also  much  em- 
ployed us  a  paint, 

Basic  Prmdan  Blm  (3  Vftj,  ilk^FeO^  is  formed 
when  tho  white  preeipit.ile  yielded  by  a  protoaait  of 
iron  with  ferrocyanide  of  potassium  is  exposed  to  tbo 
air.  As  its  formula  shows,  it  is  common  Prussian  blue 
with  peroxide  of  iron.  It  differs  from  Pruaaian  blue  in 
the  remarkable  peculiarity  that  it  ia  soluble  in  water. 

Feheicyxnogbw. 

jp^rricyanogen — Fcrri^cyanogen  { C,j^JJ'2=  Cfrhj, 
or  Fdcy) — is  a  hypothetical  compound  radical,  which 
yielda  eoniB  compouoda  of  interest. 

Fcrrhyanide  of  Potassium  (H^-i-  Cfdy)  may  be 
made  by  passing  chlorlna  through  a  diln'to  solution  of 
ferfocyanido  of  potassium  until  it  ceases  to  yield  a  pre- 
cipitate with  a  persalt  of  irou.  The  liquid,  being  con- 
centrated, producoa,  on  cooling,  deep  red  orystala,  the 
Boitition  of  which  is  of  a  greenish  color.  It  gives  uo 
prmpitate  with  perosids  of  iron,  but  with  tho  proto- 
salta  a  bright  blue,  lighter  than  Prussian  blue,  and 
Tcnown  as  TumbuU's  blue. 

Wliat  are  [lie  properties  of  iirussiat*  of  potoasa.?  WJiat  precipl- 
tat«B  doQs  it  yMJ?  How  b  Priibisian  Llue  miitlc?  IVIip.!  is  basic 
Prttsaijin  hluo?   Iltiw  k  ftirricyniiido  of  potaaaiani  maJe  ? 
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lECTURE  LXXSn. 

Mellohe. — Urea,  —  Meilone.  —  3feUoniiles  of  Hydro- 
ge>i,  and  Potassium. — Natur-al  and  Artificial  J^omia- 
tion  of  Urea. —  Vric  A.cid. — Tla  J}eriuaiives. — JUi(- 
rexide. — Xanthic  and  Cystic  Oxides, 

Mellonk  {C\lft=Mt). — If  siitphocyanide  of  potas- 
sium be  actGO.  upon  by  chloiiue  oi"  nitric  acid,  a  yellow 
powder  is  deposited.  This, -when  heated,  gives  off  bi- 
fiulpbido  of  carbon  aod  siil|jliur,  and  there  is  left  a  yel- 
lowish powder,  wbiuh  is  mellone.  The  relntion  of  its 
constitution  with  cyanogen  is  obvious.  It  resists  a 
moderate  lieat  witliout  cbaiige^  and  combines  directly 
witb  nietala  to  form  Mellonidea. 

Hydro mellonic  Acid  {MeS^.  —  By  adding  bydro- 
cbloric  acid  to  a  hot  Eolation  of  mellonide  of  potasBium, 
tbia  acid  separates  as  a  ■white  powder  on  cooling.  It  is 
partly  soluble  in  hot  ivater,  and  possesses  etrong  acid 
powers. 

Mellonide  of  Fotaaaiiim  {MeK^  may  be  prepared 
by  melting  ferrooyanide  of  potassium  with  half  its 
weight  of  aulpbiir,  and  adding,  when  the  fusion  is  com- 
plete, fivG  per  cent,  of  dry  carbonate  of  potassa.  The 
resulting  mass  is  acted  on  by  water,  and  the  solution, 
being  filtered,  is  evaporated  until,  on  cooling:,  it  forma 
!i  mass  of  crystals,  from  ivbicb  the  sulpliocjanide  may 
be  removed  by  alcohol,  nnd  the  mellonide  left.  It  is 
soluble  in  water,  and  yields,  by  double  decomposition 
with  the  Halts  of  baryta,  lime,  etc.,  mellonides  of  these 
bodies,  for  the  most  part  sparingly  soluble. 

Urea,  {C^H^O^N^  may  be  obtained  from  urine  by 
adding  lo  it,  ivbea  ooncentrnted,  a  strong  solution  of 
oxalic  acid.  The  precipitnted  oxalate  of  urea  is  to  be 
boiled  witli  powdered  chalk,  and  the  filtered  eohition 
concentrated  until  the  urea  cryRtalllzea  on  cooliug.  It 
may  also  be  made  artificially  by  adding  to  a  strong  so- 
lution of  cyanntc  of  potassa  an  eqnal  weight  of  dry  buI- 

"Wlinl  relation  does  mcilooe  bcaj  lo  cjanogen?  How  is  hjAio- 
mallonic  acid  uiadc?  Hgw  is  mallgnide  of  potossium  prepnreU? 
IIoiT  b  urea  obtnincd  from  urine?  Hon  may  it  bo  made  artificially? 
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L  Alloxan  {G^U'iN'^O'i^  is  made  by  the  action  of  con. 
K  centrated  niti'ie  acid  on  uric  acid  in  tlio  cold.  The  urio 
P  acid  is  to  be  added  in  small  )}ortJona  snccessively  until 
1  about  one  tliird  tbe  weight  of  the  nitric  acid  has  been 
used.  An  efl'erveBC^nee  takes  piaep^  nitrogen  and  cir- 
boaic  acid  are  evolved,  and  lliere  ia  left  a  white  msigs, 
from  which  the  exccea  of  acid  ia  to  be  drained.  The 
substance  is  then  to  bo  dissolved  in  hot  water  and  crys- 
tallized. Its  Bolation  has  ao  acid  reaction  and  a  bitter 
taste,  and  stains  the  aitin  purple,  and  with  a  protosalt 
of  iron  and  an  alkali  yields  a  characteristic  blue  com- 
pound. If  the  nitric  acid  be  very  dilute,  AUoxuntin 
{CeffsN'^.Ojn)  arises. 

AUoxanic  Acid  {C,irJ^O,+  nO)  maybe  pre[>ared 
by  deoompoBing  the  ailoxanate  of  baryta  by  dilute  buI- 
phuric  acid.  The  ailoxanate  itself  is  obtained  by  the 
addition  of  barytic  water  to  a  warm  solution  of  alloxan. 
It  is  a  strong  acid,  decomposing  carbonates,  and  even 
water,  by  the  aid  of  zinc. 

Meso'Mtlio  Acid  (^OjO^-i-QHO)  may  be  obtMiied  by 
boiling  a  Bolution  ot  alloxan  with  acetate  of  lead,  the  re- 
sulting meaoxalate  of  lead  being  deconipoaed  by  snl- 
phureted  hydrocfen.  It  ia  a.  strong  acid,  resiBts  a  boil- 
ing heat,  and  is  bibasic. 

Mykoinelimc  Acid  ( G^N^H,^  0^)  is  prepared  by  boil- 
ing a  solution  of  alloxan  with  an  excess-  of  ammonia, 
and  then  precipitating  by  an  excess  of  dilute  eulphuvlo 
acid.    It  iH  a  light  yellow  powder. 

PaiHThania  Acid  {Celf^O^N'^  is  formed  by  the  nction 
of  Btrono;  nitric  acid  on  alto.van  or  uric  acid  by  the  aid 
of  heat.  The  crys-tala  form  on  cooling,  and  may  be  dried 
by  draininij  and  then  recrystallized.  It  is  solnble  in 
water,  reddens  Htmus,  and  forms  beautiful  prismatic 
crystals. 

OxalvHs  Acid  { C^^H^  O^N'^)  may  be  made  by  decom- 
posing a  hot  solution  of  the  oxalnrate  of  ammonia  by 
dilute  sulphuric  acid  and  cooling  rapidly.  The  ammo- 
nia salt  is  itself  procured  by  boiling  a  solution  of  the 
parabonnte  of  ammonia,  when  it  crystallizes,  on  cooling, 
in  small  needles.  Oxaliiric  acid  is  a  white  crystalline 
powder.    It  contains  the  element  of  one  atom  of  pai'a- 

Givo  iho  process  Tor  mnking  nlloxnn.  How  h  alloxiinic  Hrid 
madeF  How  are mykomalinic,  parabanic,iiiido)cnluric  neidsraode? 
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home  ncid  and  three  of  water,  and  its  eoInUon  by  1 
jti|;  vjeltls  oxalic  aciil  and  oxalate  ofiircn. 

TTtionuric  Acid  {C^ill-y'i^O,^),  a  bibasie  adipn-l 
pored  hy  decomposing  tliionuratc  of  lead  vith  ndfA* 

rettKl  hydrogen.  It  contains  the  clementa  of  ODeaUn 
of  allox'nn,  one  ofamnKiiiia,  and  two  of  sulpburoas  aod 

fwmiite  (f'a/TsOjjV^).— When  an  excess  of  Batnrsi>! 
Bolntion  of  sulpbnrous  acid  in  ^"ater  is  mixed  nilli  » 
cold  Bolutior  of  alloxan,  and  an  excess  of  carbonnte 
ammoDia  with  caustic  atuinoaia  added,  and  the  whole 
Iwtled,  iho  tbionurate  of  aiumonia  is  deposited  on  cocl- 
iog.    From  this  the  lead  ealt  uecd  in  the  preparalioii 
flf  the  foregoing  acid  may  be  obtained  by  acetate  of 
lead.    Tiie  thionurate  of  ammonia,  with  a  liltl-e  livdro- 
chloric  acid,  being  boiled  in  a  fasli,  there  ac-paratcsk 
while  body,  which  is  iirninile.    It  differs  from  thiontuic 
acid  in  not  containing  the  elements  of  two  atoms  of  sul- 
phuric acid.    If  the  tliion  urate  of  ammonia  is  niiicd 
with  dilute  Kiiiphuric  ncid  and  evaporated  in  a  water- 
bath,  Ui-amilie  Acid  (C',f^JIiQN^^O,^)  is  deposited. 

Miirexick — FurfniTatt  of' AmniQnia — may  be  mads 
by  the  action  of  dilute  nitric  acid  on  uric  acid,  and  then 
adding  ammonia;  or  by  boiling  equal  weights  of  ara- 
mile  and  red  oxide  of  mercury  with  eighty  limes  their 
weight  of  water  rendered  alkaline  by  ammonia.  The 
liquid  turns  of  a  deep  pnrple  color,  and,  when  filtered, 
deposits,  on  coolin;;,  ciystals  of  murexide  in  sqnnr« 

firisms,  which  by  reflected  light  are  of  a  green  metallic 
iistre,  and  by  transtnLtted  light  of  a  purple.  It  is  epar- 
icgly  soluble  in  cold  water,  bnt  much  more  so  in  hot, 
and  is  one  of  the  most  splendid  colors  known.  It  is 
made  largely  fi  oni  guano,  to  be  used  as  a  dye^jiigment. 

Mure:r.an — JPurpuric  Add. — Murexide  is  to  be  dis- 
eotved  in  a  Bolutioa  of  canstic  potassa,  and  dilute  sul- 
phuric at-id  addetl.  It  forma  a  yellow  powder,  and,  dia- 
eolved  in  ammonia,  gives  vise  to  the  foregoing  body. 
j^^anthic  Oxide  (C,ff5i\^f),)  occurs  as  a  nrinary  eal- 
"  brown  color  and  w  axy  nspeet.    The  calco- 

be  .1-     ■    r]  if,  (]j]iite  potassa,  and  xanthic  ox- 

1  of  lliionnric  aciii?    How  is  uramile  pre- 
^oiu  iliioniiriK  ncid?    Whtii  dwg  mu- 
j?  OfivhalYolueigii?  How 
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ide  precipitates  as  a  white  powder  by  carbonic  acict.  It 
is  a  ivasy  body. 

Cystic  Oxide  ( (^g-ff^^MSj  Oj)  occnra  also  as  .1  iiriliary 
calculus.  It  is  remarkable  for  the  large  quantity  of  sul- 
phur it  contains. 


LECTURE  LXXXni. 

TsB  Vegetable  Acihs. — Tartaric  Acid  and  its  Salts. 
—  Citric  A  cid. —  Tannic  Atiid. —  Gallic  Acid. — I^ro- 
gallic  Acid. — Metagalli^  Add. 

Of  the  vegetable  acids,  several  will  be  described,  witli 
tJieir  asaooiated  alkaliea.  The  following  are  treated  of 
in  this  Lecture : 


Tartaric  C,ff,0,„  +2/70 

PartttartancCBW.O.o  +2ZrO 
Pyrocartarie,.  C;tf,Oj  +  HO 

Tartralic  C,fl.O„  43flO 

Tartrelic  C,R,0,„  +  HO 

Citric  C„ff/)„  +  3ffO 

Aeonitic  0^10,    +  HO 

Malic  C,ir,CJs  -+2U0 


Maleic  C^B^O,  +2H0 

Paniarjc  C,i/0,  +  HO 

Tunniu  C,sH,0,+3nO 

Oiillic  C,nO^  +2110 

Ellapc  (7-/7,f>. 

Pyrogallic.....f;sif,t>, 
Melaeallic  C,UjO, 


Besides  acids  such  aa  these,  which  coHstilute  a  Tery 
numerous  group,  there  is  another  class,  ivhich  pass  un- 
der the  name  of  Coupled  Acids,  the  peculiarity  of  whioh 
13  that  they  con&ist  of  an  acid  ailixcd  or  coupled  to  an- 
other body,  whicli,  iviihottt  nftecting  the  neutralizing 
power  of  the  acid,  accorapanEea  it  in  all  its  corabina- 
tioiiB.  Tho8  hypo-anlphuric  acid  couples  with  naptha- 
line  to  form  hypostilphonapthalic  acid,  which  ncutral- 
izea  just  aa  much  of  any  base  as  hyposulpharic  acid 
could  do,  the  napthaline  not  changing  its  powers. 

Thrtarie  Acid  {CsZr^O,„+2irO).—A  bibasic  acid, 
which  occnrs,  as  has  already  been  stated,  in  the  juice 
of  grapes  and  other  fi-uite  aa  bitartrate  ofpotassa.  It 
raay  be  obtained  by  diaeolvitig  cream  of  tartar  in  boil- 
ing water  and  adding  powdered  chalk,  a  tartrate  of  lime 
precipitating.  The  reat  of  the  tartaric  acid  raay  be  ob- 
tained from  the  solution  by  th-s  addition  of  chloride  of 

How  is  ctbCic  oxide  made  ?  Nnme  some  of  the  vegeuble  oeida, 
eiid  jjive  Heir  tomposiliin.  What  are  CODpled  Bdids?  Give  an  ix- 
ample.    Describe  inrtaric  scid. 


^-^-stt/.  If of (i; 
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tavtario  in  yielding  a  precipitate  with  a  neutral  salt  of 
lime. 

Pyrotartaric  Acid  {^CgJI^O^+HO)  is  obtained  by 
the  deetructivo  'distillatiQu.  gf  tartaric  HQid  at  400°,  as  a 
liquid. 

The  action  of  h^at  on  tartaric  acid  13  remarkaljle. 
When  exposed  to  a  temperature  approaching  400°  it 
melts,  throws  off  water,  aad  yields  in  succession  the  fol- 
lowing group: 

CrvBtalli/ed  TarCarie  Acid   C»ff,Oi.  +2ffO 

Mettttamrid;  Acid   C„H^O,^  +2ffO 

Isclarlnric  Ac!d   CM.O,,  +  UO 

Tortralic  Add  2(C,ff,O,0  +  3-ffO 

Tnrtrelic  Acid   C^I1^0^,  +  BO 

Anliydroua  Tartario  Aciil   C^n^O^^ 

Al!  tbese,  by  the  contijiued  contact  of  water,  pass  back 
into  the  condition  of  tartaric  acid. 

Citris  Acid  ( (7,27/^0,1 +3^0),  a  tribasie  acid  occur- 
I'ing  abundantly  in  the  juieo  of  lemons  and  other  sour 
fruits,  and  separated  therefrom  by  tlic  aid  of  cbalk 
and  BUlphurio  aciJ.  It  is  clarified  by  digestion  witb  .m- 
iuial  charcoal,  and  yields  prismatic  crystals  of  a  pleasant 
taate,  and  aolnble  in  bolb  hot  and  cold  water.  The 
oryataU  are  of  two  different  forms,  according  to  tlio 
conditions  of  their  formation  :  those  ■which  separate  in 
the  cold  by  Bpontaneons  evaporation  contain  five  aloma 
of  water,  three  of  which  are  basic;  bnt  those  wbich.  arc 
deposited  from  a  hot  aolulion  contain  only  four. 

The  cit.rate(3  form  a  very  numerous  family  of  salts; 
for,  as  tho  acid  is  tribasie,  we  have  them  with  thi-ee  at- 
oms of  metallic  oxide,  or  two  of  oxide  and  one  of  wa- 
ter, or  one  of  oxide  and  two  of  water,  besides  subsaltSi 

Aconitio  Anid — Eqids&tio  Acid  (C',j77gO,2-|-iZO) — 
is  formed  by  fusing  citric  acid  .ind  dtsaolving  the  result- 
ing brown  product  in  water,  the  chance  being 

that  la,  one  atom  of  hydratcd  citric  acid  yields  one  of 
aoonitic  acid  aud  two  of  water.  Aconitic  acid  occurs 
naturally  in  the  varieties  of  aconite  anil  in  the  eijniee- 
tnms.     JtacontQ  and  Cit>'aco7iic  Acids  are  produced 

DCBcribe  tlie  actian  of  lieai  on  tarUtric  &cid.  AVhaL  is  the  aooKO 
of  citric  ficid  F  What  crjst&llitie  fomu  has  it  ?  Haw  niHf  acon^vt 
acid  ba  fomed  ? 
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characteristic  preoj|'itale  it  gives  with  iron,  it  is  -uged 
as  a  test  for  that  meta!,  whiuh  muEt,  howevei',be  in  the 
state  of  peroxide,  aa  the  protoiiaUs  ar*  unacted  upon. 
The  gradua,!  darkening  of  pale  writing  inks  ia  due  to 
the  eIow  oyidation  of  the  iron  ihey  contain.  Tnuiiiu  is 
very  valuable  as  a  preservativo  in  ihe  dry  collodion  pro- 
ceHs;  a  solution  of  it,  being  alloived  to  dry  upon  the  sen- 
Bitizcd  collodion,  will  keep  it  in  a  eondition  imprcsBible 
to  light  for  many  monllis. 

TannigmioAcid—Catechine  (C',s£^Ob) — is  estract 
ed  by  hot  water  from  catechu.  It  foniia  wliite,  Bilky 
crystals,  not  giving  au  insoluble  precipitate  with  gela- 
tine, but  producing  a  green  color  with  pcrsnlts  of  iron. 
By  the  action  of  caustic  potassa  in  eiccss  it  yields  u 
black  insoluble  substance,  Japonic  Acid  {t\^^0,^-\- 
HO).  Carbonate  of  polassa  conveits  it  into  a  red  acid, 
Muhinic  Acid  ( C^gH^,  0^. 

In  coffee  and  tea  there  exist  similar  acide,  the  Caffe- 
otanuic  {C^^H^OJ)  and  Hoheic  {t\,J/,;Og). 

Gallic  Acid  (  (JaH^  0,„)  may  be  formed  by  exposing 
ft  solution  of  tannic  acid  to  tlie  air,  or  by  mating  pow- 
dered galls  into  a  paste  with  water,  and  keeping  it  ex- 
posed in  a  warm  place  to  the  air  for  some  weeks.  The 
mass  is  then  pressed,  and  boiled  with  water.  On  cool- 
ing, the  Rolmion  i>roeipitates  a  <]uanlity  of  gallic  acid, 
which  may  bo  purified  by  recrystallizalion.  Like  tan- 
nic acid,  this  snbstance  yiiclds  no  precipitate  with  a  pro- 
tosalt  of  iron,  bnt  a  deep  blue  blaek  with  a  persalt.  It 
does  not,  however,  precipitate  gelatine;  the  crystals 
are  soluble  in  one  hundred  parts  of  cold  and  three  parts 
of  boiling  water;  the  solution  has  an  astringent  taste. 
Gallic  acid  is  used  in  photography  for  reducing  silver 
from  the  nitrate  and  iodide  of  silver  under  the  influence 
of  light. 

Tannic  acid  passes  into  gallic  add  by  oxidation,  car- 
bonic add  and  water  being  evolved.  Dilute  hydro- 
chloric or  snlplmric  acid  convert  it  into  gallic  acid  and 
BUgar, 

What  pTMipitnte  does  it  yield  with  iron?  Of  what  use  ia  it  in 
pliotogr.iphy  ?  Hoir  does  liinuigtnic  ncid  oHcinaie?  Wlint  adds 
ExiBt  in  coffco  and  ttn.?  llow  may  gnlHi;  arid  ha  prcpnicd?  Of 
what  use  is  it?    Whea  (natiia  oxidizes,  nfaat  prodncW  lukc? 
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ble  in  boiling  alcohol,  of  a  "biiter  taste,  and  eharactor- 
ized  by  coDtiiioing  nitrogen.  In  their  natural  state 
they  arc  united  ivith  an  acid,  and,  posseHsing  basic  prop- 
erties in  a  very  marked  luanner,  ueatraliac  acids  com- 
pietely.  This  quality  seems  to  depend  on  the  nitrogen 
they  contain,  and  has  no  reference  to  iheir  oxygett,  for 
the  quantity  of  this  latter  eleiiieut  present  seems  ta  liave 
no  relation  to  their  neutraliaiug  power,  and,  indeed,  in 
some  of  them  it  is  not  present  at  all.  In  many  respects 
they  are  analogous  to  animoiiia,  their  salts,  unlike  those 
of  some  of  tlie  compound  radicals^  &ach  as  elliyle,  bh- 
devgoing  decomposition  in  the  same  manner  aa  the 
salts  of  ammonia.  TLua  the  chloride  of  ethyle  does  not 
decompose  the  nitrate  of  silver,  but  the  analogous  com- 
pounds of  ammonia  and  the  vegetable  .ilkaloids  do ;  and 
these  bodies  may  therefore  be  separated  from  the  jialii- 
ral  couibinatioua  in  which  they  occur  precisely  as  wo 
should  separate  lime,  or  potassa,  or  magnesia*  in  ibeir 
sails.  Most  of  the  vegetable  alltaloida  are  poiaonoits 
bodies,  and,  indeed,  among  them  we  meet  with  some  of 
the  most  terrific  poisons  known.  There  are  Geveral  ar- 
tificial substaiiccH,  snch  as  Aniline,  and  those  containing 
.irsenic  and  platinum,  which  onght  to  be  classed  wiUi 
these  basic  bodies. 

One  general  method  is  applicable  to  the  separation 
of  these  bodies.  The  snbstnueo  containing  tljeni  is 
boiled  witb  dilute  hydrochloric  acid,  the  solution  filter- 
ed, and  treated  with  ammoo  ia,  lime,  or  magneeia.  The 
alkaloid  Beparates,  and  ia  pnrifiod  by  alcohol  or  ether. 
Moat  of  these  bodies  are  of  importance  in  medicine. 

Morphia  {C3^IL,„OgJV+2lZO)  ia  the  active  principle 
of  opium,  and  was  the  first  discovered  of  the  alkaloids. 
It  ^Y!lB  isolated  by  Sertoerner  in  1S03.  It  may  be  pre- 
pared by  mixing  an  infnsion  of  opium  with  acetate  of 
lead  in  excess;  the  mcconato  of  lead  is  separated  by  a 
filter,  and  through  the  Bolution  coutaiuing  acetate  of 
moi-phia  a  stream  of  aulphurctcd  hydrogen  ia  passed. 
The  solution  is  warmed  to  expel  the  escess  of  gas,  fil- 
tered, aud  mixed  with  ammonia,  ■which  throws  down 
the  morphia  and  narcotine :  these  are  separated  by  boll- 

Wliat  reliii.ion  have  they  to  ihe  nnimal  system?  What  is  ihe  ccn- 
eral  meihoii  for  (heir  separution?  What  is  morphia?  Givo  the  (iru- 
oeae  Tor  making  it. 
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li^  etiior,  vrhich  dtssolres  the  latter.  Turl^ 
yidds  aboat  an  oooce  to  i]^  pound  of  moTi>hiiL 

>lor|>hia  is,  when  obtained  from  its  alcoholic  ea 
ta  email  crj  stalt,  ai-sided  prisms  i^-itli  diitcdnil  i 
alioas.  It  is  almost  insaluble  in  water,  bluer  u  il> 
taste,  nentralues  adds^  and  forma  crvHtailiMhle  sail* 
It  dissolres  r^dilj  in  dilate  acids;  the  most  fcmup 
of  its  salts  arc  the  hy'drochlorate,  stilphate,  and  soui: 
With  nitric  acid  it  gives  a  bright  red  color,  viJhn* 
ml  perohloride  of  iron  a  bine  color,  and  with  iodic  k: 
a  wddisti-brown  color  with  the  odor  of  ioi"!!  lie. 

NarcottHa  {{\gir.^Oi^A'^  is  associated  ivith  morpii 
io  opiam.  It  may  be  obtamed  by  dipesling  po 
opiom  in  warm  ether,  which  takes  np  little  ^se  t 
□arcotina,  and  yields  it  iu  cryslals — rhombic  pri 
soluble  in  oold  water.  It  is  Bolnble  in  volatile  nndfd 
oiligbat  ioGolnblein  alkaline  Bolntions:  dilute  ncidsfo 
with  it  Bitter  solntions.  By  the  action  of  peroxide 
manganese  and  sulphuric  acid,  and  by  bichloride  off 
tiiiuni,  an  extensive  cIa^s  of  bodies  is  produced,  so 
acid&,  others  bases. 

Codeia  (C^^O^y+^SO)  18  fonnd  in  the  hyJnv 
clilorate  of  morphia:  It  remains  in  solution  when  lh< 
morphia  is  precipiialed  by  ammonia,  It  cry.stallizes  in 
aciciilar  or  flat  prisms,  colorless  .icd  transpnfenL  J\^of- 
ceia,  T/tehaia,Paj,accrhie,  ani  Meconi/u-:  are  other  crys- 
talline principles  lonnd  in  opiuni. 

Meeonic  Acid  {CuII0,i+3H0),  a  tribasic  acid  as- 
sociated with  morphia  in  opium.  It  ma^  he  obtained 
from  the  meconate  of  lime,  -which  precipitates  in  ilie 
preparation  of  niotphia  by  chloride  of  calcium  from  in- 
fusion of  opium.  The  precipitate  is  -washed  in  water 
and  hot  alcohol,  and  warm  dilute  hydrochloric  acid  is 
added  until  all  the  lime  is  removed.  It  cryetallined  iui 
transparent  micaceoas  scales,  eoliihlc  in  water  and  atc« 
hoi.  "MThea  heated  it  loecs  '21  ^  pgr  cent,  of  -water,  bin 
if  a  strong  solution  be  boileJ  it  becomes  dark-colore^ 
c.irbonic  acid  is  evolved,  and  oxalic  acid  and  Oofneiit^ 
(Melameconic)  acid  are  formed.  The  forninla  of  co- 
nieiiic  acid  ia  {C^^ff-iO^-^IIIO).    Meoonie  acid  formgl 

Wlinl  nro  its  jiropcrtios ?  How  mny  unrcotino  he  obtained? 
Givu  thL-  {TOpcrtips  of  fodfifl.  Wliut  ia  t"h«  (vmiw»'"'^n  of  iuccoiik: 
ac;  ■  -t  budics  nre  derived  t- 
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with  llie  pevealta  of  iron  an  intensely  red  color.  It 
forma  seveval  series  of  salts,  liko  all  tribasic  acids. 

ComeDic  acid,  when  lieatcd,  yields  carbotiiu  acid  aud 
Pijrooiecviiic  Acid  {Cii,I{j(\  + ifO)^  with  a  small 
([uantlly  o'l  Pammeconie:  Acid. 

Qiiiiiia — Quittine  ^C^jFT^^^O^). — This,  which  is  one 
of  Uie  most  valuable  of  the  vegetable  alkaioids^  is  ob- 
taiued  from  Cinchona  Hark,  pflfticularly  predomina- 
ting in  yellow  barli,  Tho  decoction  of  the  ground  bai  k 
in  dilute  hydrochloric  acid  is  to  be  boiled  in  an  ercess 
of  milk  of  lime,  aod  the  precipitate  acted  upon  by  boih 
ing  alcohol ;  on  evaporation,  Cinchomu  ia  deposited  in 
crystals,  bnt  the  quinia  remains  in  Boliition,  It  may  bu 
precipitated  by  the  addition  of  ivater,  and  obtained  in 
cryatala  from  the  spontaneona  evaporation  of  its  solu- 
tion in  absoluLB  alcohol,  Quinia  neutralizes  acids  pei'- 
feotly,  giving  rise  to  salts,  of  ivhich  the  hydro  chlorate, 
phosphate,  sulphate,  etCj  arc  employed  in  medicine  for 
the  treatment  of  niiiismatic  disordera,  and  as  tonics.  It 
is  sparingly  soluble  in  water,  but  very  Boliible  io  alcohol 
or  acids.  The  basic  sulphate  of  (jiiinine,  a  common 
preparation,  is  slightly  soluble  in  water,  the  neutral  sul- 
phate much  more  so.  For  this  rcnson,  sulphate  of  quinia 
is  dissolved  in  dihito  sulphuric  acid ;  the  solution  has  a 
peculiar  bluish  opalino  tint,  the  result  fiuorescence. 

C'iiichoiiia  {C^f./Ij^ON')  is  obtained,  as  just  stated, 
in  the  preparation  of  qninin,  with  which  it  is  associated 
in  bark,  and  is  found  in  tho  principal  varieties  of  red 
and  gray  Peruvian  bark.  It  crystalhzeB  in  prisms,  re- 
quiring 2SO0  parts  tof  water  at  212"  for  their  solution, 
and  is  sparingly  soluble  in  alcohol,  ether,  and  fixed  oils. 
It  has  but  little  taste,  but  wLen  mixed  with  an  acid  be- 
comes intGOBcly  bitter. 

Other  analogons  bodies  exist  in  the  difierent  species 
of  hark — QuinoicUne,  a  mixture  of  quinine  and  Qittiii- 
dine  {C,oH^^N^O^  +  AlTO),  Quinidm  {C^rfl^N^O^), 
and  Aricine  (C^g/I^a-^q^s)- 

Jiiiiic  Ami — Chichofic  Add  {C^ITsO^-^- TIO')  —  is 
oombinod  with  the  foregoing  bodies  in  barh.    It  is  oli- 

Why  is  qiiiiniia  vQ]TiB.blo?    What  is  iu  Siinrcef    Wliat  sails 
there  of  il?    Wlinc  p<iniiliitrit;r  IiBS  tlie  aolnlion.  of  sulphate  of  qui- 
nine?   Describe  ciuchoni a,    Wlla[  ot he !■  bodies  exist  in  bart  f  HoW 

is  kiaiu  add  obtainsd  t 
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taiaed  by  deeotn posing  the  kinnts  of  lime,  clitaiocd  in 
the  nmnufttcliire  of  sulphate  of  quinine  by  oxalic  acid, 
liltering  l!ie  solulLoii  from  oxalate  of  limie;  the  kinio 
ac'f\  ci'^stalJizes  on  c^apovalion.    It  is  very  soluble  in 

mrydmia  {_C\f  11^,0 ucciira  in  Nmc  Vomica^  St. 
Tgnaiiii/t's  JStaa,  in  the  poison  Uj>as  Tievte,  and  other 
vegetable  produuts.  It  ]tiay  be  extracted  from  aux. 
vomica  seeds  by  boiling  ihem  in  dilute  sulphuric  acid, 
and  then  acting  wJlIi  lime  nud  alcohol,  us  described  in 
the  case  of  quiiiia. 

Siryelinia  requires  7000  parts  of  cold  and  2o00  parts 
of  Loiliug  water  to  dissolve  it;,  wntcr  conlaiiiiuy  one 
forty-lliO'USiinclth  of  ita  weight  of  it  is  renderotl  sensibly 
bitter.  It  forms  a  seiies  of  soluble,  bitter,  and  poison- 
ous salts,  and  may  be  precipitated  frani  their  solution? 
by  the  caustic  alkalies  as  a  white  substance,  soluble  in 
ether  and  chloroform.  It  ia  a  violent  poison,  causing 
intense  muscular  coutraclioos ;  the  antidote  is  tea.  The 
best  test  is  to  immerse  a  frog  partially  in  the  suspected 
solution ;  lie  will  become  tetauized  if  strychnia  be  pres- 
ent. 

Bnicia  (C^^M^O^Ni)  is  associated  with  strychnia, 
and,  being  very  soluble  in  cold  alcohol,  is  readily  sepa- 
rated from  it.  It  ia  also  more  soluble  in  hot  ■water,  re- 
fjulring  only  500  parts.  It  has  one  sixth  the  poisoning 
power  of  stryohnifl.  These  substances  are  foitnil  in 
union  with  a  peculiar  acid,  Strychmc  or  lyGniiric  Arid. 

The  following  table  gives  the  names  of  other  vegeta- 
ble alkaloids,  and  bodies  analogous  to  them: 


Aironltinc. 
An  tear!  ne. 
Asparagine. 

Airopin'e. 

CnfFfiine-Thcinc. 

Chelidonlse. 

Cok'liicino. 

Coiiine. 

Cnrarine. 

Dnplminc. 


Datnrmp. 

Dclphlnine. 

Elatpritiu. 

liiinciiae, 

Gentian  inc. 

n-esjjcTidlne. 

HjosciBiniQC, 

Mcccjiiifie. 

Nnrceinc. 

Nicotine. 


PicrotosSno, 

Pipcrine, 

FtilaridniDiH. 

PapuUnc. 

Salicine. 

Solumne. 

Scramoninc. 

Ttitlialtie. 

TliPoljJDlninC!. 
Tcralrinc. 


NieoCt?>6  is  an  oily  liquid  procurad  from  tobacco ;  in- 

Whal  is  tho  ROiirco  of  BtrTc!in.ia  ?  What  nro  ite  properCieB?  What 
pffcei  lifla  Blrjehtiia  on  animals  ?  DedCTibe  Iirncin.  Nunc  the  veg- 
elublc  iiliinloida.    Whut  uru  tlie  prupertks  of  nicotine? 


ANILINE. 
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flammable  and  poisonous,  a  single  drop  killing  a  dog. 
Conine,  pi-acuied  from  li^nilock,  is  ik  deadly  poison, 
producing  <leat!i  by  para! v King  the  muscles  ol'  r4?spira- 
lioii.  Two  grains  of  it,  iicutralizGil  with  hydmcltloi-sc 
afid,  and  iiijected  irtto  the  I'eliioial  vein  of  a  dot.',  killed 
liiin  in  tlii-ec  seconds.  Theina  arid  Vu^'cine  (i,\IT^O^ 
A',)  are  Icmnd  in  cofttie  and  tea.  Their  efl'ecl.  on  the 
nei-voua  system  is  well  known. 
Tij(i  following  bases  nrc  fornied  artificially: 
Aniliiui—Iiyanol  (t'l^y/iiV) — is  one  of  the  iogredi- 
eiiLs  of  co.il-tar.  It  may  Lil;  obtained  in  large  quantiiieH 
by  dtsliEling  nitrobeiinoiii  with  a  nii.'tlure  ot'atctic  acid 
and  2100  or  iron,  in  ^i;hicli  case  it  ia  deconiposetl  by  nas- 
cent hydrogen.    Tlie  deunmiiosiLior  is  as  follows  ; 

(liiit  is,  one  nlom  oJ'  iiitrobenKole  .md  eix  of  lij'drogen 
produce  one  iitorn  of  aniline  ;in(I  four  of  water. 

It  is  an  oily  liquid,  boiling  at  3G0°,  specific  gravity 
1 .020 ;  solublu  in  cold  water,  altiobol,  ether,  wood-spiiit, 
aldehyde,  acetone,  sulphide  of  carhcu,  and  In  fi.xcil  and 
volatile  oils.  It  forma  a  series  of  salts  with  acids,  ami 
is  now  largely  ■employed  in  the  niflnufaetiiie  of  the  coal- 
tar  colors. 

^■biiline  Purple  ( J/ff  uj^e).— One  equivalent  of  a  neutral 
salt  of  aniline  is  dissolved  in  water,  and  boiled  for  eev- 
<?r!kl  hours  with  six  eqiiivaleuta  of  chloride  of  copper. 
When  the  reaction  is  couiplGto  the  mixtinc  is  filtered, 
tlie  black  precipitate  well  wasliod  !md  dried,  and  al'ter- 
wa-rd  digested  repeatedly  in  dilute  alcohol  iti  order  to 
dissolve  out  the  coloring  matter,  which  is  aniline  pur- 
ple. By  h«atlng  anhydrous  liydr-ocMornte  of  aniline 
with  nitratfl  of  lead  to  300%  !i  broiize-like,  brittle  maea 
IS  obtained,  ^Tbich  conUins  aniline  red  mixed  with  ani- 
line purple.  The  red  may  be  Boparated  from  the  pur- 
ple by  boiling  w.iter ;  one  grain  of  it  will  strongly  color 
a  gallon  of  w.iter.  These  coloring  matters  are  fixed  on 
cotton  by  preparing  the  goods  with  a  solution  of  tannin 
and  til*  coloring  matter,  and  then  passing  them  through 
n  batli  containing  tartar  emetic.  The  tunnste  of  anti- 
mony thus  produced  fixes  the  dye. 

what  are  iho  properties  of  conine  ?  What  i-^  tlio  ciitii  posit  ion  at 
iliciiie  mid  fiitTciac.  Hovr  ia  niiiliiic  made  7  Whiit  arc  [lie  jiruper- 
lieg  of  atiilinc?   Wliy  is  'a  value^l? 
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Mauve  i*  pr€pared  by  adding  bichromate  of  potassa 
to  sulphate  of  aniline :  oue  tentii  of  a  graia  will  form  a 
rioli  violut-colorcd  solution  with  a  gallon  of  alcohol. 

AniUne  ilal  {Matje-itlii). — Corrosive  sublimate  and 
aniliiic  IbriQ  by  mistHro  a  colorless  paste :  when  lieftted 
it  acqniroa  an  intense  crimson  color.  From  this  prod- 
uct, which  seeroB  to  bo  a  svA^^Romniliiie  (C'a(|/^,jV^O) 
is  pro^ufcii;  it  acts  the  i>an  of  a  bn.se,  and  with  acids, 
at  a  moderate  heat,  pvodut^es  inayenta. 

Jtoseim  results  fvoiu  the  mixture  of  aulpliate  of  ani- 
line And  peroxide  of  lead.  }''i4/^hsitie  h  produced  when 
auilino  ja  heated  with  'bicljlonde  of  tin,  corrosivie  atiWi- 
mato,  nitrate  of  mercury,  arsenic  acid,  or  indigo.  £ki( 
rfe  Paris  arises  when  aniline  is  heated  with  bichloride 
of  tin  to  a  high  temperature  in  a  close  veaacl. 

The  colors  obtaiaed  by  these  processes  depend  on  the 
OjtidaiioQ  of  aniliac,  and  vary  with  tlio  degree  of  oxida- 
tion. The  processes  of  Pertjn?,  in  which  the  oxidation 
is  eflfected  by  bichromato  of  polassa,  prodace  very  per- 
fect colors.  Variation  of  tint  depends  on  the  propoi-- 
tion  of  the  ingredients  used;  for  example,  10  pans  of 
niiilino  adiU'd  to  a  nii.vLure  of  12  of  arsenic  acid  and  12 
of  iv!il.i?r,  and  heated  to  about  24S°,  yield  a  rich  red  with 
iL  violet  ifut.  The  same  quantity  of  aniline,  -with  24  of 
arsenic  aekl  and  24  of  water,  give  a  purple  or  viokt. 

The  selection  of  a  proper  mordant  materially  nfiects 
the  results.  Of  all  yet  proposed,  tbo  stannate  of  soda 
appears  to  he  th^  most  ofHcient, 

XiciiJcul  ff'g^.V),  formed  with  aniline  in  oil  of  coal- 
tar,  from  which  it  may  be  separated  by  distillation.  It 
is  also  au  oily  liquid,  mid  can  yield  crystalhzabie  salts. 

^utnoUiie  {C\^1T^N'),  made  by  distdling  quinine  or 
strychnine  with  caustic  potasBst.  Au  oily  liquid,  very 
bitler,_ strongly  alkaline,  yielding  crystallizable  salts. 

Bcsidoa  thflSQ  bodies,  there  are  other  artificial  bases 
of  an  an.-ilogous  nature,  but  which  differ  ir  the  remark- 
able particular  of  coutaining  ptatiniini  and  arsenic;  such, 
i^r  e-tatuple,  as  the  platinum  bases  of  Beiset  and  Gros,or 

.  How  is  mniYD|,p(jdiicoa?   Wliaiin(mlnin<!fy!9i!rf((nir&?  Hnw 

ifr  ""^^'^"1"  ?     Il'>"'-  n"-!;  ro^elne.  fiiclislne.  nnd  bleu  de  Paris 

Wh''",  ■      I  ''"^  ehonncnl  explnnjiiion  of  tliu  aniline  coluraf 

Wliui,!?!,       *'o".n^'»-<liint  for  ihem?    Honr  is  quioolino  maOef 


lur  orfinnic  bases  niu  iliere  ? 
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lliQ  arspiil co-platinum  radical  kakoplatylo.  Tho  forma- 
tioQ  of  these  organic  bases  leads  us  to  hope  that  the 
vegetable  alkaloids  IheniaelTes  will  hoi-enftei"  be  artifi- 
cially foimed. 


LECTURE  LSXXV- 

The  CoLoniNG  Bodies. — Tfieir  General  Praptrliea.— 
3yeing. — The  Non-iiitroffmised  Voloring  Matters. — 
7'/i(i  N'llrof/enized  Coloring  AfaUei-s. — Ttidigo. —  Vol- 
orluss  Tndtgo. — Ilodies  deriued  from  Indigo. — Lit- 
mus. —  Chlorophyil.—  Carmine. 

The  ooioring  principles  derived  fi'oin  tlio  orgauie 
kiugdom  rnay  be  eotivetiiently  divided  iiilo  two  classes, 
tbe  non-nitrogenized  and  lbs  nitrogenized.  They  may 
also  be  readily  classed  into  groups,  as  blue,  red,  yellow, 
green.  For  the  most  part  tliey  are  derived  fi-om  vege- 
table productions. 

Fov  some  coloring  matters,  the  fibres  of  those  tisauM 
commonly  employed  for  clotliiug  have  a  eiLfficient  affini- 
ty to  hold  tho  color  so  that  it  can  not  bo  removed  by 
mere  washing,  and  13  permanently  dyed.  Sncli  colors 
are  called  substantive,  Eiit  in  other  inetaucea  this  is 
not  the  caso ;  tho  artist  liaa  then  to  avail  himself  of  tha 
properties  posaesacct  by  intermediate  bodies,  sncli  as 
aluniiaa  and  the  oside  of  tin,  called  mordants,  whicli  at 
once  possess  tho  double  qnality  of  an  affinity  for  the  col- 
oring  matter  and  an  affinity  for  the  cloth  fibre.  Colors 
requiring  a  mordant  are  termed  (rdjct:Cive  colorff,  Tho 
attraction  of  tboRo  bodies  fov  coloring  matter  may  be 
illustrated  by  precipitating  alumina  in  a  solution  tinged 
hy  Htmna ;  the  solution  becomes  perfectly  clear,  its  color 
going  down  with  the  precipitate,  and  formiog  with  it  a 
'akic. 

NoN-NTTaOGENIZEIl  CoLOKING  llATTEKa. 

The  blue  non-nitrogonized  coloring  matters  are  chiefly 
found  In  flowers  and  fruits.  They  are  reddened  by  acids, 
and  turned  green  by  alkalies. 

The  re<?  noD-citrogctii^ed  coloring  matters  arc  of  some 

Wliat  diriakii  is  Ri/ide  of  Coloring  rrinciptos?    What  fs  s.  snh- 
glantive  color?    Whfll  ia  n  mordnnt?    Wlint  i=  an  ndjcctivc  polnri* 
IT  5 
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importaucc;  among  them  may  be  mentioned  J/ffffrJcrat 
Garannne.  The  (ilant  is  largely  cultivatedin  lityllifci,  ' 
nnd  has  a,  long,  spreading  root,  which  develops  and 
col«r  Jming  dyeing.  Aiisanne  (C^nl/g  0„)  is  obtiitici! 
by  difjPsliDg  gai-anoint!  iti  boiling:  alcohol.  Matliftr Lil 
is  made  by  adding  carbonate  of  sodn  to  a  decocuoD  li 
madder  root  in  alum. 

W.^natoxifline  {€'^^11^0^  + JffO)  is  the  coloring  mm 
tPr  of  logwood.  It  is  soluble  in  -water  and  alcohol,  au'l 
fiiriiishcs,  with  iron  and  alum  bases,  a  lilauk  dye.  Thf 
sntiie  principle  is  yielded  by  Krnzil-ivood  and  cnrnwom!. 

Carthamine  is  a  very  beautiful  red,  obtained  from  iW 
Bafflower.  Iti."!  used  in  mating  pick  saucers,  and  in  (Iw 
l>repa ration  of  Rovge. 

The  1/ellotP  coloring  mattcvB.  Among  these  maybt 
mentioned  Qmrcitnne  { C-^H^^O,,),  derived  IVora 
Qnerctia  Tiuctotia;  Gambof/e,  the  dried  juice  of  iho 
Garcinia  Gambogia;  Ttrrnieric,  used  as  a  test  for  alka- 
lies, ivliicli  turn  it  brown,  from  llie  Curcuma  Loiigii; 
and  Anailo,  employed  fi>r  coloring  cheese,  from  ihc 
seeda  of  Bixa  Ovellanri. 

NlTKOGESlZED  COLOHING  MaTTEKS. 

Tbe  nitrogeuized  coloring  matters,  among  whicll  Mft 
Bome  of  the  most  valuable  dyes  that  we  possess,  niavbs 
divid&d  according  to  their  tint. 

Iii(7}ffo  is  dei  ived  froin  the  juice  of  several  speciea  of 
Indigofera,  and  is,  formed  from  a  colorless  or  j'ellow 
compound,  which  is  dissolved  out  from  the;  leaves  of 
these  plants  when  tliey  are  allowed  to  fenneiit  with  wa- 
ter, A  deep  blue  precipitate  forms  on  the  addition  of 
lime-waler  nnd  cxpofinrc  to  the  air.  It  appears,  there- 
fore, to  be  a  product  of  oxidation.  It  comes,  in  com- 
merce, in  small  masses  of  a  conchoidal  fracture,  nhic-h, 
when  rubbed,  exhibit  a  coppery  aspect;  is  insoluble  in 
water,  alcohol,  dilute  acids,  and  alkalieBj  and  may  be 
Hublimed,  yielding  a  purple  vapor,  \vhich  condenses  into 
ci-yst.^la  of  pure  indigo.  It  disBolvea  in  about  IS  parLs 
of  strong  Etilphiiric  acid,  but  Plill  better  in  NordhauBen 
oil  (if  vitriol.    The  mass  produeed  is  Bolitble  in  water; 

VVtinl  is  mnddEr?  \V!ia[  Hi-e  the  njacticns  of  liKniatoxTlinfi ? 
Whnt  ii  rouge?  Kame  suTnc  of  the:  yellow  ccloring  matters.  Whai 
>•  llio  sonree  of  indifio?    What  are  its  propertieu? 


ISDIGO. 


it  is  a  solution  of  Sul^hindigotic  Acid  [Ci^S^02^-\- 

By  Gontaet  with  deoxidizing  agents  blue  indigo  bo- 
comes  colorless,  aa  may  to  Bliown  liy  digesting  powder- 
ed iDdigo,  pro  to  sulphate  of  iron,  hydrate  of  lime,  and 
■water  together.  In  this  state,  in  its  natural  condi- 
tion, it  ia  soluble  iu  water,  aod  may  be  precipitated  liy 
Iiydrochloric  acid.  On  esposure  tg  the  ;ilr,  IiuUgoffcne^ 
as  this  white  indigo  is  called,  absorbs  oxygon  rapidly, 
and  becomes  blue  and  insoluble. 

When  indigo  is  submitted  to  deBtructive  distillation, 
it  yields  aniline,  dcseribed  in  the  Inst  Lecture. 

The  relation  existing  betiveeu  blue  and  whtta  indigo 
is  seen  from  thSlr  formulas: 

Blue  Indigo — Indigoline  ^ii^^i^^i- 

Willie  Indigo— IndigQE^ne,  dsIIi^Or 

Under  the  action  of  heat  and  of  reagents  indigo  yields 
an  extensive  class  of  bodies,  to  which  ranch  attention 
iias  bean  given.  With  dilute  nitric  acid  it  yields  A?Hlia 
or  Titdijotic  Ai-id ^  with  s-trong  nitric  acid,  Picric  or 
Carbazotic  Acid  {'Ct^IIr^{WO^)^0,  HO),  a  sDhstaoce  of 
a  yellow  color,  bitter  taste,  and  forming  explosive  aalta. 
Heated  witli  bichromate  of  potaasa,  sulpbtiric  acid,  and 
"water,  it  yields  Isatine  {C'l^H^O^N'),  which  crystallizes 
in  reddiah-broivn  prismatic  crystals,  inodoroMS.,  spariflg- 
ly  soluble  in  cold,  but  more  bo  in  bot  water,  readily  sol- 
uble in  alcohol,  but  less  abundantly  in  ether.  This  body, 
under  the  tnflticnee  of  an  alkaline  solution,  unites  with 
one  atom  of  water  and  changes  into  Isadnic  Acid. 
TTnder  the  influence  of  chlonne,  isntino  yields  CMorisa- 
\iine,  an  atom  of  chlorine  siibatitnting  ouc  of  its  hydro- 
gen atoms;  and  ^tc/ifonVaWrte  by  the  subBlitulion  of 
two  chlorine  atoms  for  two  hydrogen  ones;  and  tlieso 
again,  as  in  tho  case  of  is.itino  itself,  acted  upon  by  al- 
kaline solutions,  yield  each  an  acid.  Wltli  bromine  it 
prodiJcea  Bromisatim  and  Sibromisalfne.  Caustic  al- 
kalies acting  on  indigo  yield  Chrymnilic  and  Anlhra- 
nilic  Acids. 

JjiSmns  is  derived  from  the  Rwolln  Tinctnrin,  Leoan'v 

How  ia  iTiJiijoBenD  prepared?  Wlint  is  liic  relution  tietween  IiIiil- 
and  while  irnlign  ?  How  are  indipoiic  and  picric  arids  mude  ?  Di'- 
scrilw  isntine.   Wliiit  bodies  arise  from  isaiine?  What  ia  tlie  aonn'o 

of  litftlllS  ? 


ur»v'». — cmoBOPBTix. 


ra  Tarlsria,  etc  Those  lichens  give  op  to  elber  a  cm- 
lalliiio  sulistance,  to  wliicli  (ho  name  of  T^ecanorintis 
given.  luconipositioni3(C,^//(,(-^«-h^t/);  itdoesnoi 
contain  nitrogen.  It  is  in  white,  inodomue,  and  taste- 
Jeea  steliutM  groups  ol'aciciilar  crystals,  soluble  in  aJco 
fafil  and  ether.  This  substance,  lieatcd  with  baryta  or 
alkalies,  produces  Orchie  {C,^ifgO^~i-JfO)  by  losin? 
two  atoms  of  carbonic  acid.  Orcioo  cryHtaIlize&  in  ^at, 
four-sided  pmms,  with  dihedral  simimits:  it  has  a  sweet, 
repulsivQ  taste,  is  vaporiEable  at  550".  Zttlxed  with  ani- 
tnonia  auJ  exposed  to  the  air,  oxygen  is  absorbed  aud 
the  licjuid  assumes  a  deep  pnrple  Lint,  From  this,  acotio 
acid  precipitates  a  deep  red  powder,  Orceine  or  'Orceic 
Acid  (I'l^ff^O^y),  which  contains  uilrfigen,  and  is  sup- 
posed to  be  the  baeis  of  tha  dye-stull'  of  litmiia :  with  al- 
kalies it  gives  a  blue  color.  Litmus  is  extensively  used 
in  chemistrv  fia  a  test  for  acids  and  aLk.ities,  Littuua 
paper  is  white  unsized  paper,  stained  with  an  infusion 
of  an  oUnue  of  litrnun  in  luilf  a  pint  of  boiliog  water, 

ChlorvphyU  (Cig/TaOgTV)  is  the  green  coloring  raaU 
ter  of  loaves.  It  is  insoluble  iu  water,  but  soluble  in 
water  and  ether,  and  1^  a  i'atty  substaucc.  It  is  also 
found,  under  very  interesting  circuinstaiices,  in  the  aui- 
mal  Byetoin,  aa  the  colariDg  matter  of  bile.  When  an 
ethereal  solutiou  of  it  is  long  exposed  to  liglit,  it  ac- 
quires a  yellow  color,  and  leaves,  on  evaporation,  a  resi- 
due having  alt  the  characters  of  xanthophylline. 

JCanlhoj'hijlUne  is  a  term  applied  to  the  coloring 
raniler  cxlr.iclcd  from  the  yellow  leaves  of  autumn. 
Er\/llirop/vi/llitte  is  obtained  by  digesting  the  leaves 
which  redden,  in  alcohol, 

t'armins  is  the  coloring  matter  of  the  cochineal  in- 
HGct,  Coccus  Cacti.  The  coloring  matter  may  be  ob- 
tained front  the  insect  by  water  or  ammonia.  The  car- 
mine of  commerce  is  a  lake  prepared  by  adding  alum  to 
tljo  freehly-filtered  solntion. 

Aloes  IS  the  inspissated  juice  of  certain  speoics  of 
Alue,  used  as  a  purgative  medicine,  When  heated 
with  nitric  acid,  and  water  ftddtd,  a  yellow  Jirecipitata 
ia  thrown  down,  which,  when  puritied,  is  Chri/sanimtc 

How  nra  orcin*  and  orceine  made?  Wbat  is  chlorophyll?  What 
■oliataiiopB  arc  imado  from  fiutumn  lenves?  What  ia  cannine?  Of 
whnt  uae  isabc^?    "Wh.it  is  qhrj'snmmio  acid? 
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Acid.  It  yields  yellow  crystals  of  a  titter  taste,  and 
faroishea  a  solution  of  a  purple  color.  Its  salts  are 
cryettillizablfi,  by  transmitted  light  of  a  i-ed  color,  with 
a  green  loetallic  refleciioB,  like  mureside.  Th'O  liquid 
from  which  this  acid  was  precipitated  contains  pierie 
ncid. 


LECTURE  LXXXVT. 

The  Faitt  Bodies. —  C/iaracteristica  of  the  J^altij  Bod- 
ies.— Fhts.-^Fixecl  and  Volatih  Otis. — Sofq'i.- — S(e- 
arine  and  ^tear-ic  Acid. — Margarine  mid  Marffaric 
Acid.  —  Oleine.  —  CJh/cerine.  ~  T/ie  ISfatm-iil  OHs, 
Palm  0!l,et>\—The  Volatile  Olla.—The  Cawpfiors. 

Tnia  class  of  bodies  is  charnclerized  by  several  ivell- 
mflrkfltl  peculiarities,  and  may  be  conveoieTitly  divided 
into  two  natural  groups,  oils  and  fats.  They  belong 
both  to  tlia  vegetable  ami  animal  Bystems.  In  the  for- 
mer they  usually  abound  in  the  eeeds  or  fruits ;  in  the 
Iflttfir,  nre  dtposited  !n  thfl  cellular  etructure  of  the  adi- 
pose tissue.  The  natural  fata  aro  usually  mixtures  of" 
two  or  more  ingredients,  differing  from  one  another  in 
consiBtency.  In  most  instances  they  are  stoarine  and 
margarine,  along  with  a  liquid,  oleine.  These  oils  can 
not  bo  distilled  without  undergoing  decomposition ;  ex- 
posed to  the  air  they  gradually  nbEorb  oxygen  and 
evolve  carbonic  acid.  Many  ot'  tliem,  in  which  tluM 
change  takes  place  with  r.ipidity,  tuni  into  resinous  bod- 
ies, and  hence  their  application  in  painting;  as  drying 
oils.    Linseed  oil,  which  is  the  most  used  for  such  pur- 

f)oses,  has  its  drying  quahties  increased  by  boiling  with 
iUiar^e,  and  is  also  an  important  component  of  Printer^ 
Ink,  lor  which  it  is  first  heated  and  then  set  on  fire, 
and  allowed  to  burn  for  aonie  time.  "When  Dxtinguisli- 
ed  It  is  misciblG  with  fresh  oil  or  turpentine,  and  about 
n  sixth  of  lamp-black  is  added. 

Oily  bodies  inny  be  divided  into  fixed  and  volalile; 
the  former  decomposo  when  heated,  the  latter  drftill. 

M'Imt  am  ihc  general  properties  of  the  iBiiy  bodies  f  What  in- 
ETCiiienra  nre  Ihore  in  nntiiM  fnts?  Wlititcbnugado  the  oils  iiafloi- 
in  ihc  air?  U  lirsesd  oil  valunble?  ^How  is  [i'rititer&'  ink 

tDudv?    Wlinl  dnrsion  ia  made  of  ails? 
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A  simple  ICBt  safficca  lo  distitiguieh  tbem.  When  afew 
ilrujia  wt'  an  oily  BubstAuce  arc  put  oti  papijr,  if  il  lie  i 
viilaiilci  oil  it  soon  evajmrales,  ami  leaves  tho  paper 
without  a  Btiiin;  ii'  fixed,  the  paper  remains  greasy. 
Tlie  fistxl  oils  bavo  b«t  lilile  odor,  chc  voiaiile  oils  i-ooi- 
nionly  a  characteristic  one.  They  are  nil  iusoliiLiIe  in 
water;  many  nre  Bolabia  in  alcolio);  nil  are  dtssolv£*l 
by  clher. 

By  exposure  to  a  low*  lemperatnre  the  conslitneni 
principles  of  a  mixeJ  oil  may  olt<?n  be  separated  from 
•aoh  otber,  the  more  solid  subsUmces  separaliog  fireL 
"SVhen  oiive  oil  is  tliiis  treated,  an  exposure  to  4i>* 
<?auses  n  di^posil  of  .V-tfjjanne ,  thetiuid  portion  ivlticli 
is  lelX  U  OUiine.  Auinial  fats  exposed  to  pressure  be- 
tween folds  of  blouing-paper  communicate  to  it  oleine, 
and  the  solid  residue  lell  behind  is  a  mixture  of  inarsrii- 
ritio  and  Stfiriiie.  ^Vhuii  tlic  fixed  faU  are  boiled  w  illi 
nlliaiiuc  solutions,  Soo/w  are  formed.  These  substances, 
of  estensive  use  in  domestic  i«onoiny  and  the  arts  from 
their  detergeut  proi)eriies!,  are  freely  soluble  iu  wa- 
ter. In  the  process  of  malting  them  the  fats  undergo  a 
<jhan<*e,  true  acids  being  liberated,  which  Qnite  with  the 
alkaline  bn-se.  Stearins  yields  stearic  acid ;  margarine, 
luar^ariii  at'id  ;  nud  olt'ine,  oleic  acid.  Tliey  may  he  set 
fite  by  deeotuposiug  the  soap  with  an  acid.  At  the 
same  lime,  a  sweet  substance.  Glycerine,  appears ;  it  is 
the  base  with  which  the  acids  were  associated,  olemc 
bfing,  for  iustatice,  aa  oloato  of  glycerine.  Of  the  vari- 
eties uf  soap  met  with  in  coninierce.  Soft  Soap  is  made 
flMni  potass^),  coiubinod  with  whale  or  seal  oil;  Sard 
\\'hU<  Soap  fiom  tallow  and  caustic  soda ;  Hartl  Yit- 
k'te  Sniff  li'oin  soda,  tallo^v,  pahii-oil,  and  resin.  In  ilie 
prenaration  of  while  soap  the  aikalmo  solution  is  made 
to  boil,  and  t.'dtow  .added  in  siu.'dl  portions  until  no 
nioro  can  be  saponified.  The  solntion  now  contains 
sonp  and  free  glyooriue;  the  former  is  separated  by  the 
addition  of  common  sfill  ill  a  solution  of  which  it  is  in- 
foluhle.  It  floats  oti  \hv  top  of  the  liquid,  and  ia  th?n 
'  tij^into  moulds,  nnd  out  into  bare  for  comiperce.  In 

tliw  m  aiU  dwtiiiBuishri!?    Whnt  i«  the  process  for  BnalviiDt; 
"lixoil  nils?    Wl'iit  is  ».iav*    WItai  is  llie  reason  of  ihc  ap[>o)iraDcc 
ltl;<vTliic  ?    Win!  it  iln>  •lilViitciii?o  bolivccn  Hifc  und  hard  soauf 
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tliid  process  the  mntiul'iKLuL't^t'  does  not  ndd  60  much 
Bait  as  to  separate  all  the  water.  Commercial  Eoap  still 
contains  from  forty  to  fifty  per  cent. 

Stmrine  ( CjuJ^nd  ^li)  °''»y  ho  obtaineiJ  fi'om  pavified 
Tuuttoii  flit  hy  Kufleriiig  a  warm  ethereal  solution  to  cool. 
The  steaiinc  crjatallizes,  and  margarine  and  olcine  nre 
left  itt  solution.  A  repetition  of  tTie  proGess  purifies  it. 
It  is  a  white  body,  insolubli!  iu  water  and  culd  .tluolml, 
fusing  at  140°  j  when  Bspouified  it  yitlda  gljcerine  and 
stearic  acid. 

Stearli'.  Aeid  (C^gS'^iO^+^O)  may  be  obtained  by 
decOiDpoaing  a  soluble  slearine  soap  by  tartiiric  iicid, 
and  purifying  the  pi-oduct  by  sohition  iit  boiling  altio- 
hoi,  from,  which  it  separates  in  crystalline  WaUes.  It  id 
white,  inodorous,  and  tasteless  ;  fuses  at  1613°,  reddens 
litmus,  may  be  distilled  in  vacuo,  but  is  deconiposed  by 
a  high  heat  ill  the  open  air.  It  forma  monobasic  niiJ 
bibasic  enlt^, 

Mar[/ani)e  { C,(ig-^i>, ^n)  is  best  obtained  from  olive 
oil  by  cooling  it  to  32°,  pressing  out  the  oleiiie,  anil  ilis- 
scilviitg  the  residue  in  boiling  alcohol,  from  wliicli  the 
margarine  sGparntes  in  pe.irly  cryslala. 

Margaric  Acid  {C-^^H^^O^-\- SO)  is  obtained  by  de- 
composing the  soap  of  olive-oil  nnd  potaasa  hy  acetate 
of  lead  or  diloride  of  caleium.  The  oleate  and  margn- 
rate  of  !ead  or  lime  ia  formed,  the  oleate  is  extracted 
by  cold  ether,  and  the  remaining  inargarate  dccoimposcd 
by  dilate  hydrochloric  or  nitric  ncid.  It  ciystallizoB  in 
ivtiite  peediea,  the  melting  point  being  140°. 

Okine  (C\^^I^^o^O^^). — "WliCTi  almond  or  rape  oil  is 
dissolved  in  ether,  and  the  solution  exposed  to  a  low 
temperature,  the  roargaririe  crystal liaee,  and  oleine  msiy 
be  obtained  by  evaporating  the  ether.  It  remains  liq- 
uid at  a  temperat«re  of  0°. 

Okie  Acid  {C^gSyjO-j)  is  obtained  from  oleine  by  pa- 
ponification  and  decomposition  with  hydrochloric  acid, 
as  in  the  foregoing  instances.  It  solidifies  at  about  50°, 
and  gives  rise  to  a  serief  of  salts. 

Margamnc  {Cf,^,M^O-^. — When  a  mixture  of  miir- 
garic  acid  .mil  lirtif!  is  distilled  this  Kidistnnce  is  formed. 

How  may  steiirinia  nnd  Blenric  acid  be  obtained?  How  msy  mar- 
gnriiiE  and  ninrtrnric  ncid  lie  ohtnliicd  ?  DcEcribe  Ilje  prGporaLiuii 
uf  oltine  niid  nlei o  auiiL     What  is  marenmne  ? 


*'i  -.-r-V  ^SINZ. — OIL.  FATS. 

iz  i  .'ar'...-  :  -..11  -I:  ii  a  white  soIiJ,  like 


?:*i:'ri;::"j*--i      v::;.;-;*  :.-rr^<ca:auoa.  bat  whea  left  tor 

-1  •'  r.    M:x:  i        ?  -.-r  r-^r:.:  a^'i  l.  tfco  t".vo  bodies  unite, 
-  V  -1^'?  ■         O  -C-SOj  >  is  the  re- 

i  :         iv  :  ^i.-  ;  :^  r:;  ir.y  a,-jjl:;::^:S  with  sulphoviiiic.  A 

0.  r  -.T-  ■    i;!  j  I\  -  A-:i-i  i~  saiJ  to  exist  in 

r-i;-^      :  _v:  li  .  Wiiea  g'.ycerine  is  drojipeil 

:  :::  ei  iil  ^  ir:s  ■••.tlv.^  ritrio  aa-X  solphuric  acitK 
-V-'"-.;  '.-.-.  ■■■  -  .  CH^- .'Xk  a  very  explosive  auJ 
t-.-:- .  :■, .     t-.;-ly.  is  loruiovl. 

i'  '  .  :«  :r,">i t'.oui  AiVioa.  anJ  is  used  in  the 
r^.i:::::i,':.;r'i  c:  yjlljw  soap,    I:  is  of  a  rediiish-vdlow 

1. '-;!;-.  ar-..i  >:'^:aini. be«ies  oleiatf,  aso'iiil  i^X, Pulnutim. 
I;  is  ■.•.■.■'=  i".  M-a:or.  s'.i^a:Iy  soluble  ia  hot  :doohoI. 
c.::  v;;y  ::i  e::.er.  Its  melting  point  is  lis", 
Hy  rir.  1  ieshjaipositioa  with  an  arivl  it 
\:-.'.'.s  r-'         A  ''.'.\.-i  pv::;t  oi  wLieh  is 

'.  .-  .  ■  1  :  ^'  ■. — A  i ob:a:;iOvi  the  cocoa- 
II.".",      :  v^.;:'.".;:.L.'f.:riJ  ot  i?;ir>.iIt->.    I;s  olciiio 

!i:i.L  ■it.-a-.-iv.-?  -.ziy  '.  o     r  v.-r.-^--,  by  prcj^r.re  or  by  boU- 
iVo.u  'vi.L.'.L         stt-arii'.e  cry$:a'ilizos  on 

A::i.>:;li  o;;:ov  '':.':y  l  ri'Iii-^.l  bodies  mav 

I'o  I :'.  ill  tic;:  I'll  A  '  ■-->■  I':"-  \  whioU  yiLUis,  atiioiia 
o;!'.or  (no  hio:*.  Mj,  a:-,!,  by  saroniHoatioD,  J/y- 

(•;',■';''■■ ,  I         JC'  •■        arisi*  iVo::i  the  notion  of  nisroiis 
:v.  '  \  OH  o'lvinu;  i:  i':ir:iis!;i  >;,  by  tliL'  oommon  proooss, 
ii\f-:  ■>  '■    '  ,1  ■■':i;i>os  tVouHhc  aotion  of 

iiitrio  acid  ou  covk:  ^ruVi'-i i'-  .l-.-iV.  by  the  dostnictivo 
ilistillatioii  of  amber,  ov  by  the  L-on:iiiiied  action  of  ni- 
ti'io  on  stearic  aciil;  S'-W'-:  A-.-'-.K  bv  the  destructive 
tlistillntion  of  oKnc  aoM.    J}ul-/i'<'i:, -y/'rohn:  ami  O^- 

WliiMi  iJiWi  (:!ycoLi!:,.  :i;;>i..';     \V;:,ir  bv.itfi  iiriso  from  plvceiir.e  ? 

IWatribo  nalm  oil-  w 

is  ooooa  tiiliow  1-    Xiinii?  some  otlier  faitv 
■  dllii'ii  kvlioo. 


TBE  TOLATILB  OILS. 


prinCf  which  are  contained  in  liutter,  3  ield,  by  aaporifi. 
cation  and  decompositiou,  Sutyric,  Ccpi'oie,  and  Ciipne 
JlcUfs.  Butyric  acid  can  bo  made,  as  wi3  liave  seea,  art- 
iticially  by  iGimcntation.  ^eea'  Wax  is  :i  mixture  of 
three  bodies — Myrictne,  insoltiblein  alcohol ;  Cerine,  de- 
posited in  ci'jstala  as  the  solution  couls;  arul  Ccroleine, 
which  iis  retained  in  Bolutiou.  Vegetable  wax  is  yield- 
Rd  by  the  Myrica  Cerifera  a^H  boiiio  other  trees,  iiiier- 
mnctti  is  obtained  fi'om  certaiu  epeoica  of  wlialea; 
it  yields,  under  the  proucBs  for  glycerine,  a  Knhstance, 
Jackal ;  !tud  tliia,  under  the  action  of  hot  potassa,  j;Evcs 
iEi!/iti^<'p  j-lc;rf,  iv't-h  evolution  of  hydrogen  gas,  Choks- 
lenite  is  obtained  from  biliary  calculi ;  it  also  OMure  in 
the  substaiicG  of  tbc  brain. 

Tub  Volatile  Oils. — These,  for  the  most  pnrt,  are 
found  in  plants,  or  .tre  derived  from  tbem  by  Biniplo  pro- 
cesses. Many  of  theiu  ara  extensively  used  in  ibo  arts 
in  the  manufacture  of  varnishes,  and  others  in  the  prep- 
aration of  perfumery-  Their  solutions  in  alcohol  form 
Essenees,  and  in  water  MedicaUd  Waters.  Tliey  aro 
eomtnonly  obtained  by  tha  distillation  of  tlioso  parts  of 
the  plants  in  which  they  occur  with  water,  and  consist 
of  two  substances — a  solid  portion,  or  SCearopiene,  or 
camphor,  and  an  Etaioptme,  or  true  oil.  The  former  is 
an  oxyhydrocai-bnn,  the  latter  a  hydrocarbon.  The  vol- 
atile oilB  may  bo  divided  into  groups  according  to  their 
constitution. 

Volatile  Oils  containing  Carbon  and  Hydrogm. 


Tuirentioe. 
Cilrun. 
Co|iaivtt. 
Sli)r«x. 


Bergiimotte. 
Cubpbs. 
Etc 


Yolaiite  Oils  containing  Carbon,  Mijdrogen,  Oxygm. 

Cajepul.  PEnnyrojnl. 

LareniJer.  Vnluriiw, 

Roscmnry.  Spaamiui, 

I'epperniinl.  Etc. 

Yblutile  Oils  Qontaining  Sidphur. 

Bliu^k  Miii^tard.            {  Oniona. 

.  Horse  rod  inh.               ]  Asiifrelidn. 


becB'  wiLM?  Wlmt  ia  spermftceli?  Of  whot  aaa  an!  iLe 
TolatilB  oiTs  ?  ■Wliot  are  cascnres  nnd  mwlicRted  waters?  What  ia 
iTPimt  liy  stearopdene  nnd  claiopiene?  Whiit  oro  l!ie  groupa  of  vol- 
atile oik? 


F 
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Of  the  first  group,  Oil  of  Turpentine  may  be  taken  ai 
tlie  type;  the  eleiiioiitary  coniposiiion  riiay  be  reaartJeJ 
8a  ( It  ia  pnncipally  procured  from  North  Caro- 
lina, iiml  is  resolved  by  ilislilliilioii  into  the  volatile  oil 
anil  J  cUoif  liosiii.  ylrtificitil  Camphor  is  made  by  pass- 
iiig  dry  liydrouiilorin  acid  frae  into  oil  of  turpeotine:  its 
ciiiistitutioii  ia  ((.'^oJ/ig+y/CV), 

Tlic  Btearopttns  or  oan^liora  originate  in  Beveral  dif- 
ferent ways;  sometiiiiea  by  the  oxidation  of  the  oils 
from  whicli  tliey  are  derived,  sometimes  they  are  by- 
drutes  of  these  oils,  and  eoiuctimcs  they  are  isoiucrio 
with  them.  The  stearoplena  aie  best  represented  by 
common  camphor,  which  ia  extracted  from  the  Lanrun 
Catnphwa  of  Jjipan,  China,  and  Jitva  by  diatilJatioa 
ivitli  water.  It.  ia  a  while,  tongti,  and  semi-transparent 
iimss ;  epeeific  gravity  .090 ;  fuses  at  370°,  boils  at  400°, 
and  may  be  distilled  without  decomposition.  It  vapor- 
izes at  common  temperatures,  and  its  motion  toward  the 
light  has  been  nifide  the  Buliject  of  ictereBtiug  research- 
09  by  Profussor  J.  "VV.  Draper, 

Of  the  oils  containing  snlphtir,  the  oil  of  black  iniistavd 
seed  (  CgS^NiS^  is  a  good  cx!\niplc :  it  nrieeB  from  the  ac- 
tion oi'myrosine  tipoii  einapine  in  the  presence  of  water. 
It  has  been  regarded  ae  the  aiilphouyanide  of  A fiyl  \Cg 
Oil  of  Garlic  \&  an  oxide  and  suljihide  of  allyl. 
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^Thb  Resins,  Ealsaiis,  and  Bodieii  arising  in  Dh- 
BTKUCTivE  Distillation. — Jtosiu.  —  Shellaa. — •A.nir 
ber, —  C'aouicAoitG.  ~  J'ulcanizaHon. —  GiUta  Fercha. 
— ProducU  Iff  the  Destructive  XHstiUatioti  of  Wood, 
—  Tar,  — J'iCc/i. — Paraffine.  —  Creitsote. — Hestruatwe 
DistiUation  of  Coal. —  Cml  Oil.~Carbolic  Acid. — 
ProdiiiU  of  Slow  Decay. —  The  Varieties  of  Coal — 
Petroleum, 

.  The  vesms  are  bodies  in  many  respectfl  analogona  to 
Iho  cani)>horB,  Irnt  aro  disLinjinishod  from  them  by  the 

WhiU  ia  iJio  t'ompoairion  of  oil  of  lurpciiline?  How  dn-  iho  cam- 
ijiorw  nrii^nale?  Dcspribe  common  t^amphor.  What  siit^uliir  reln- 
MUiu  it  la  lieliC?  W1ia.l  is  the  CDniptwLtioii  o(  oil  of  mustard.? 
arc  ihc  rc*in*  ? 


THE  EESISS. 


circumstance  lltat  tliey  are  uot  voIatUo  without  dccom- 
pasitiou.  In  many  iustanees  tliey  act  as  acids ;  tliey  all 
conlliiii  o\ygfu. 

Colophony  {Common  Hoaiii)  is  a  mixed  resin,  ob- 
tained by  llic  distillatioTi  of  turjjGiitine  wilb  water,  tbe 
oil  of  turpentine  passing  ovei'.  It  ia  a  mixture  of  two 
resins,  Fima  and  Silmc  Acids,  wliieli  may  te  Eeparated 
by  cold  aleoLol,  in  which  the  latLei"  is  iusoluble. 

Gum  ioc,  which  is  one  of  tbe  veains,  occars  nnder 
three  forms — shell  l.ac,  stick  lac,  and  seed  lac.  It  is  usod 
in  the  preparation  of  lacquers,  and  is  the  chief  iugredient 
in  sealing-wax.  AniODg  other  resins  may  be  mentioned 
Ci>pnl,  Mastic,  Dragons^  Blood,  Gamboge,  Sundamc, 
and  Jjammar. 

Aml/cr  is  a  substance  belonging  to  this  class.  It  ia 
found  ill  beds  of  bitutninonB  wood,  and  often  inctoseB  in- 
Bects  in  a  .state  of  beautiful  preservation,  lla  specific 
gravity  is  about  1.07.  By  distillation  it  yields  succinic 
acid. 

CaoutehouG — India  Rubber —  Gum  Mastic — ia  tbe 
produce  of  the  Jatroplia  Ehstica,  the  Urceola  Elastica, 
and  several  other  tropical  trees.  It  is  fouitd  in  stnall 
proportion  in  the  poppy,  lettuce,  euphorhiuin,  and  other 
plants  having  a  viscid,  milky  sap.  The  fresh  juice  is  a 
yollow,  milky  fluid,  which,  when  exposed  to  warm  air, 
fbi  ms  an  elastic  deposit  of  a.  dark  color.  OaoulciioHc  ia 
a  hydrocarbon,  having  tho  composition  Cgff-,. 

In  its  ordinary  state  it  hardens  at  low  temperatures, 
but  does  not  become  brittle;  melts  at  25f)°,  and  does 
not  regain  its  former  state  on  cooling.  It  is  softened 
an d"  dissolved  by  ether,  chloroform,  bisulphide  of  car- 
bon, oil  of  turpenlirie,  and  coa!  naphtha.  By  the  process 
of  tuJcanizalion,  ia  wliich  it  is  subjected  to  the  action 
of  sulphnr  at  a  temperature  of  about  300°,  it  is  so  modi- 
fied that  it  resists  the  action  of  ita  ordinary  solvents,  and 
retains  its  pliabihty  at  both  low  and  high  tcmpci'atures, 
A  hard  compound  of  sulphur  and  rubber  is  called  £&on- 
ite.  A  large  qnantity  of  siliciite  of  magnesia  in  fine  pow- 
der ia  BOTnethneB  incorporated  with  the  rubber  before 

IlDVf  ia  common  mein  oTitBincil?  "Whiit  nri:  ihe  forms  of  yain  Inc? 
What  is  amber?  Whnt  is  iha  source  of  rnQntclioiit?  What  nrc  jW 
prijpcrLieE?  Dcacribc  tlio  proccas  orvulL-ntu^fttian.  Of  nliaC  uisii  is 
the  silicate  of  mngnc&in.  in  vukanizalion  F 
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volcjuiizntion,  to  give  a  sniooth  nnd  noii-ndhcront  sar, 
face.  Murine  Ot'^  is  niatle  by  dissolving  a  misliire  of 
eaoiitelioiii!  and  shell  lac  in  cosil  iiajihiha. 

fiiittii  P&re/io  ia  closely  allied  to  caoiitchoiic,  and  is 
jiroJuccil  by  tlic  Isouandra  Perclia,  a  tree  abounding  in 
ihe  inlands  ol'  the  Eastern  Archipelago.  It  ia  a  longh, 
unyieldiu^^,  tibroiia  substauoe,  of  a  black  or  brown  <iolor. 
Wlieu  softened  iii  bot  water  it  admita  of  being  mould- 
ed, and  bardeua  again  od  cooling.  Il  is  an  excellent  in- 
salator  for  siibmarluc  cables,  and  is  applied  to  luaiiy 
purposes  in  the  arts. 

Gum  Kesiks  arc  natural  mixtures  of  gum  and  resiji, 
and  often  include  volatile  oils. 

BAiSAjia  are  compouuda  of  resina  with  volatile  oils: 
80D1Q  of  thfim  also  contain  benzoic  or  cinnaniic  acid. 
Some,  as  benzoin,  are  etilid  ;  otber.s,  as  Baitum  of  ToIia 
and  Perii,  and  Canada  Balsam,  are  viscid  lliiids. 

Tqe  Peobucts  of  the  Destefcttve  Distillation  op 
Wood,  etc. 

"Wlipii  wood  19  BubtnitLed  to  distillation  in  close  ves- 
sels, a  thick,  black,  inflammable  liquid,  ^ar,  ia  formed. 
Il  coiitaina  a  great  many  remarkable  bodies,  among 
which  the  following  may  be  mentioned.  Tlie  solid 
black  residue  which  is  left  after  the  dtetiUatiott  or  iii- 
spissatioii  of  tar  is  jPiich. 

Paraffine  { CII)  was  originally  diseovered  among  tbe 
products  of  distillation  of  wood-tar,  but  ia  more  abnad- 
antly  obtained  from  tbo  distillation  of  bituminous  scbiats 
and  ]>etroleuiU8.  It  is  a  crystalline  eolid,  without  taste 
or  odor..  Its  epecifio  gravity  is  .87,  melts  at  112°,  and 
distills  nnchanged.  Few  ebemical  agents  act  upon  it; 
it  remains  unchanged  by  the  acids,  alkalies,  etc.,  but  is 
soluble  in  turpentine  and  naphtha.  From  its  ebemical 
indifference  it  has  obtained  its  name  {Ptmim  Aj^uis). 
It  13  used  iu  the  maoufacture  of  candles,  and  as  n  sub- 
stitwte  for  wax. 

Eupion  occnrs  abundantly  iu  animal  tar, 

from  whicli  it  may  be  prepared  by  d if i illation,  and  sub- 

Wlic.ncc  docs  giiita  perdia  come?  IIow  mny  it  be  moultlpil? 
What  arc  liolBams?  VVhnt  prorliicW  arise  fi-nm  the  ilestrucliTc  ilis- 
tilUtifin  of  wnoJi  WIiqi  is  pnmfBiief  Whnt  Hre  its  propertiest 
Why  is  il  BO  uiillcJ?    lloiv  is  cijpiou  pTcpnred? 


CKK  A80TE.  NAFHTH  AU  NE. 
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f,o(|uently  purified  by  rGctiSoatioji  from  sulpbnric  acid, 
i'l-oin  paraiBiie  il  luav  be  separated  by  exposiii'c  to  cold, 
or,  being  more  volatile, by  liistillatioii.  It  is  a.  colorless 
3iquid,  Bpceilic  gravity  .074,  boils  at  339",  insoluble  in 
"water,  but  very  soluble  in  alcohol, 

Crea.ioiG  {Cif;If,g(X)  is  extracted  from  the  lieavy  oil 
of  tar  by  a.  conijilicated  proceBS,  It  is  ait  oily^  colorless 
liquid,  of  bjirniiig  taste,  exbnling  an  odor  of  -wood- 
Binoke;  specific  gravity  1.04 ;  boils  at  400 ;  burus  witb  a. 
Booty  flame;  is  sparingly  soluble  in  water, but  vei-y  sol- 
nbtc  it)  alcoliol,  ether,  benzoic,  nnd  ncctio  acid.  It  lias 
the  remarkable  property  of  coagulating  albumen  and 
preserving  flesb  From  putrefactive  cbanges,  wlience  its 
Tiitme.    It  IS  useful  in  toothaobe. 

Among  the  allied  snbstancea  may  be  mentioned  Pt'ca- 
mar,  au  oily  liijuid,  of  a  bitter  taste,  ivbicb  boils  at  518°, 
and  combines  wilb  bases  to  form  ci  ystalline  compoinids. 
^apnoniar,  a  colorloss  liquid,  having  an  odor  of  rum  ; 
boils  afc  300°,  and  forms  with  oil  of  vitriol  a  pnrplo  so- 
lution. Cedriret,  which  forms  icd  crystals,  giving  ivilh 
creaaote  a  purj^le  Bolution,  and  with  eulphurie  acid  a 
blue.  J^lltalial,  a  dark  blue  solid,  yields  blue  precipi- 
tates wilh  metallic  salts,  and  contains  nitrogen. 

When  coal-tar  is  submilted  to  distillation,  like  Tvood- 
tar  it  yields  a  volatile  oil,  whicili,  by  boina;  -Bnbuiilted  to 
rectification,  becomeB  Coal  Oil,  or  Artiji.cial  Nvphtha. 
From  it  a  variety  of  snbstancea  tnay  be  extracted ;  they 
either  pre-exist  io  the  oil,  or  are  foimed  by  tbe  opera- 
tion. 

Naphthaujsb  (f'rinJT^),  obtained  by  distillation  of 
coal-tar,  is  a  white,  crystalline  substance;  melts  at  170% 
boils  at  430°,  Bpecific  gravity  1.05,  exhales  an  odor  lite 
the  narcissus,  is  eombuBtible,  insoluble  in  water,  solu- 
ble in  ether  and  alcohol.  It  diasolves  in  eulpburio  acid. 
Had  tha  eolntion,  on  being  diluted  with  water  and  satu- 
rated with  carbonate  of  barytn,  yields  a  salt  containing 
SiilphonaphtkaliG  Acid  {CnoIIj^\Of,+IIO), 

Paranaphthaline  {C^^,^)  associated  with  naph- 
thaline, but  diS'ers  from  it  in  being  insoluble  in  alcohol, 
by  which  liquid  they  may  therefore  be  separated. 

What  Are  the  properliea  (jf  crensote  P  Describe  soroo  of  the  allteil 
aubatanccB.  Ilaw  is  roiil  oil  prudiiccil  ?  DBBcribe  naplitliiLliQe. 
Hon  ioes  pttranaphtbaline  diAcr  rrom  ii  ? 
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Car&olic  Acid—Pliatylic  Acid  {€^^3^0+ IIO)~\9 
foDod  in  ihftt  poriiou  of  oil  of  tar  wbicli  boils  bctweea 
300°  and  400°.  This,  being  agitated  with  [Kitassa,  and 
the  result  tlecoiupoaed  by  an  acid,  jields  carbolic  ncid, 
which  may  be  pnrifi^;<3  by  reetitiealion  from  caustio  po- 
tassa.  The  pure  araJ  forma  a  colorless,  deliqueBceiit, 
crystalline  mass,  fusing  at  05°,  aod  passing  in  to  vapor  at 
870°.  It  has  a  amolty  odor,  an  acrid  tjis-te,  and  the  an- 
tiseptic properties  of  creagote.  It  is  m\tc\\  nsed  as  a 
diainfectaot,  and  has  a  singular  power  in  increasing 
friction ;  it  is  useful  in  boring  gl.ias. 

When  woody  rnatter  is  gradually  docomposcit  hy  con- 
tact with  air  and  moisture,  Geine,  Iliiemts,  and  Ulmine 
are  produced.  They  ariac  from  a  partial  oxidation,  at- 
tended by  the  prodiiclioii  of  csrbo'nic  acid  and  water, 
the  aclioQ  being  originally  ocGasionod  by  oitrogenized 
matter  in  the  wood.  Corrosive  snblimate,  or  any  other 
body  poasessiiig  the  power  of  checking  ferment  action, 
may  thsTefore  he  resorted  to  for  preventing  the  dry  rot 
of  wood.  These  brown  bodies,  which  are  found  in  soils 
and  moulds,  combine  with  alkalies,  and  have  been  de- 
Bcribed  aa  Geic,JIumic^5.nA  Ulmic  Acids.  When  the 
access  of  air  is  for  the  moat  part  cut  off,  iilmine,  etc.,  do 
not  appear  alone,  but  with  them  many  other  aiiltstaticca 
of  the  family  of  the  hydrocarbons  arise.  Besides  these, 
)□  the  formation  of  vegetable  sojt  and  inrf,  azotized 
acids,  such  as  Crenic  and  Apocreiuc,  appear.  Tlies 
originate  in  the  decay  of  the  iiitrogenized  constitnents 
of  the  wood,  an  action  which  probably  precedes  its  gen- 
eral diaorganiKation.  They  are  often  tound  in  mineral 
springs  in  combination  with  oxide  of  iron,  forming 
ochery  stains. 

There  is  abundant  proof  th.it  all  the  varieties  of  coal 
have  originated  from  woody  fibre.  For  the  production 
of  these  it  seems  necessary  that  the  wood  ahould  be  im- 
mersed in  water  at  a  moderately  high  temperature,  and 
without  free  contact  of  air.  The  ulmine  bodies  form 
fi-om  the  decay  of  i.-ood  at  the  surface  of  the  earth  ;  the 
coal  bodies  under  a  heavy  pressure.    Of  them  we  have 

Dow  U  carbolic  acid  mndc?  Wlmi  nre  It*  jirtjpcriics?  Wliy  Is 
it  nseful  tor  boring  glnss?  When  ilo  geine,  Ininous,  and  ntiriiiie 
nriae  ?  How  tobJ  wiwdy  mnlicir  he  pi-efierrod  ?  \Vliot  other  bodies 
do  soil  sad  turf  contnin  J    Wliat  is  [he  origin  of  pobI  ? 
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many  varieties,  differing  laucb  in  constitution.  Lignite 
is  of  a  brown  color,  and  in  H  t!ie  sti-ucture  of  itie  wood 
ia  more  or  less  perfectly  preserved ;  the  various  forms 
of  Bituminoua  Ooal,  aa  cfl.iinel  coa!,  etc.;  Anthracite, 
which  contains  biiL  litlle  tiydros^'co. 

The  cssGDtial  elements  of  coni  are  carbon  and  hydro- 
gen, but  it  also  contains  oxygen,  nitrogen,  siilplinr,  and 
various  mineral  matters,  coiistitHting  tho  ircom'buBtible 
(is/f,  chiefly  silicioiis  matter  and  nnbinut  carbon,  with 
carbonate  of  lime  and  oxide  of  iron. 

BrriTiiErf,  Aspiialtusi,  Petroleum,  arc  subatanccH 
closely  allied  to  coal.  Many  kinds  of  coal  may  be  re- 
garded as  carbonaceous  itiatter  impregnated  with  bitu- 
men, and  Bi^uminoira  .Schists  a,re  earthy  compoundB 
Bimiifirly  impregnated. 

Asphalt  iim  may  be  talten  as  the  type  of  the  bitiimenf!. 
It  occurs  on  the  shorea  of  the  Dead  Sea,  in  Trinidad,  and 
many  other  pEnces.  It  haa  a  (lark  brown  or  blaclc  coloi", 
resinous  fracture,  burns  with  a  Bmokj  flame,  ia  Bolubiu 
in  alcoholj  ether,  and  benzole.  Mixed  with  lime,  chalk, 
sand,  etc.,  it  ia  nsed  fop  pavements  and  water-proof  ce- 
ments. 

FetroieunD,  a  fluid  Bubstunce  found  in  America  and 
the  Burmese  Empire  to  an  enormous  extent,  ,ind  used 
as  a  fuel,  and  for  illumination,  arises  probably  from  the 
distillation  of  bilnminous  coal  and  shales  by  the  internal 
heat  of  the  earth.  Tire  annual  production  ef  tlie  Ran- 
goon wella  in  Biirniah  ia  400,000  hogsheada;  80,000,000 
of  gallons  were  thrown  out  by  the  wells  in  the  United 
States  in  1 863.    It  is  also  found  in  many  other  localities. 

The  wells  in  the  United  States  arc  snnk  from  100  to 
450  feet  throngh  the  sandstones  of  tlie  Devonian  series, 
oc  the  coal  measures  which  ovei4ie  llieao  strata.  lu 
Canada  the  oil  is  foimd  in  Blialen  and  Umestooea.  The 
quantity  thrown  outbyBomo  of  these  wellBin  a  day  has 
exceeded  2000  barrels  of  forty  gallons.  In  many  the 
aid  of  steam-pumpa  is  required. 

Petroleum  may  be  regarded  as  a  compound  of  various 

■VVTint  are  the  varieliea  of  ci>al  7  Wlmt  is  thft  composition  of  conl? 
"Wlint  snbsiances  ate  allied  to  conl?  'Where  is  nsiplialtiiui  foiinil? 
"WTiEre-doea  pcrrolenm  occur  moal  estenaivelj?  Whtir.  ia  tlic  nnnnnl 
production  ?  In  wliai  fovraarioa is  the  oil  found  ?  yMiai  is  ;lio  tem- 
positioa  of  petroleum  ? 
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tvilrowii-bons  boiling  at  ilifferent  teriiperatiires.  When 
subjecleil  to  fractional  ilistillatkm  it  j  ielda  Benzine,  used 
bypaioterBas  a  eubstitute  for  liiriiGiitine;  Kemsem,  em- 
ployc'l  I'oi'  illuminating  pui'pnses;  Lubricating  Oils  of 
'  ter  specific  gravity,  and  Fura^ne. 


LECTTTiE  LSXXVni. 

Animal  CHEjnsTitv.  —  77ie  Ammo!  System,  cfirmifes 
inCKSsnnlty.—  VUem  i'-ul  Processes  interior  to  it,- —  Ofj- 
Jt^ts  of  jfitfestion.-^Description  of  the  LVocess. —  I7r- 
rietifii  of  J-^iKid. — Absorption  into  the  Systeiiii  by  Lac- 
teals  ami  Vmis. 

In  tbe  precetliug  Lflcturea  I  bavc  giveta  the  descrip- 
tive history  of  icany  of  tlie  more  iinportaut  organic 
cQmpounJs,  and  cliieily  those  belongiug  to  or  derived 
from  the  yegietable  kingdom.  It  rcmaioB  uow  lo  men- 
tion another  class,  whi(£  seemg  to  bear  a  closer  relatio" 
to  animal  beings.  The  appearance  and  destrnction  of 
these  compounds  lead  by  ready  steps  to  the  considera- 
tion of  the  physiological  fuuctions  of  thfi  animal  tnecb- 
anism. 

There  are  certain  caitseg  which  tend  constantly  to 
change  t)io  weight  of  an  adult,  healthy  individnal — 
causes  of  increase  and  causes  of  diminution.  Among 
the  former  may  be  mentioned  food,  drink,  and  atnrios- 
pheric  air;  among  tho  latter,  nrine,  faeces,  Irnnspi red 
and  expired  luattera ;  and  these,  in  the  course  of  ti  year, 
amount  to  many  hundred  pounds,  yet  the  reBiilling  ac- 
tion of  the  niecbanisni  is  such  that  at  the  cud  of  that 
time  tbe  weight  remains  nnchiint^ed. 

This  fact,  the  constancy  of  athilt  weight,  can  th«re- 
foro  only  be  explained  by  an  c-xumination  of  the  action 
of  tlie  matter  introduced  into  the  interior  of  the  system 
on  each  other,  nod  sin  examination  of  the  matter  re- 
turned. Whatever  is  fit  for  food,  when  burocd  in  the 
open  air,  with  free  aceeea  of  oxygen,  mttBt  yield  car- 

What  snbslaniias  may  bo  nbUireJ  from  petroleum?  Why  shoulil 
llie  weigLt  of  an  indiTidua!  change?  What  ia  ilio  umounl  eon- 
Riiiued  and  secreted  m  a  ycai?  Wbat  Is  the  exiilanatiot)  of  Cod- 
aWDcy  of  weight?  " 


DIGESTIOW, 


481 


bonic  acid,  water,  and  ammonia ;  and  tbere  are  also  ihe 
results  of  the  actiou  of  tbe  animal  mechanietD,  as  is 
shown  by  analyzing  tbe  excretions.  Oxygen,  intro- 
duced by  the  respiratory  process  through  the  lungs,  el- 
fects  eventually  tha  dsBtructioti  of  the  Eiydrocarbons 
and  nitroganized  bodies  which  have  been  introduced  by 
tbe  digestive  apparatus,  and  carbonic  acid,  ammonia,  and 
tho  vapor  df  water,  or  Bubstan&ea  in  a  transition  state, 
wbicb  tend  eveotnally  to  assume  tboso  forms,  are  the 
results.  An  elevated  temperature  must  also,  as  a  god- 
sequence,  be  obtained. 

Before  the  introduction  of  chemical  principles  iuto 
tbe  science  of  phytiiology,  it  was  a  favorite  idea  lliat 
tha  animal  system  possessed  the  peculiarity  of  resisting 
the  influence  of  external  agents.  This  is  an  error. 
There  ia  no  essential  difierence  between  the  pbyaioal 
effects  taiiing'  place  in  the  body  during  life  and  after 
death,  nor  ia  there  any  principle  of  resistance  to  exter- 
nal agentB  poasea9ed  by  living  Btructurea.  The  only 
distinction  is,  that  during  life  tbe  eflete  materials  pass 
off  by  ai>pointed  routes— the  kidneys,  tbe  lungs,  or  the 
Bkin;  while  after  death,  these  pasaageu  being  closed, 
tbey  accumulate  in  the  interior  of  the  body. 

The  matters  returned  by  an  animal  to  the  eitGmal 
worid  are  all  found  to  be  oxidized  bodies,  or  such  as 
arise  from  processes  of  oxidation,  Tiie  result,  there- 
fore, ia  forced  upon  us  that  the  primitive  action  of  the 
mechaeiiefii  is  the  os^idation  of  the  focfd  iu  tbe  systeia 
by  air  which  has  been  introduced  by  ibe  lungg, 

The  process  of  digestion  appears  to  be  exclusively 
for  tfie  object  of  effecting  the  minute  subdivision  of  the 
food.  By  the  aclion  of  the  teeth,  or  other  organs  of 
mastication,  it  ia  first  roughly  divided,  and  simultane- 
ously mixed  with  saliva.  It  ia  then  passed  into  the 
stomach,  and  in  that  organ  misce  with  the  gastric  j uioe, 
a  viaeid  and  acid  body.  This  mixture  ia  pepfeeled  by 
certain  movementa  which  the  food  now  imdergoes,  and, 
under  the  conjoint  action  of  the  Bttliva  and  tiie  gastric 
juice,  it  is  broken  down  into  a  gray,  semi-fluid,  homo- 

Whftl  ti  Ilia  cause  of  nnimol  lieal  ?  Ia  an  aninial  eninncipnted 
from  tie  inflaence  of  exlBrno!  apents?  Whnt  becomes  of  food  in- 
trodiiceJ  into  ilio  body?  What  is  tlie  object  of  digeHtion?  "WTiBt 
fluids  act  on  the  food? 
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geneous  mass,  of  the  coiisietency  of  cream  or  gruel.  A 
part  of  Ibis,  called  ihn  Chyme,  passes  out  through  the 
pylorifi  orifice  of  the  stoniaoli  and  entei-s  tho  intestine, 
aud  a  part  "is  absorbed  by  the  veins  of  the  stomacb. 

It  has  been  a  question  whether  artificial  digestion 
could  bo  performed,  but  it  "ow  appears  to  be  univer- 
sally .iJniiltetl  that  an  ai^idiiliLteil  water,  containiog  ani- 
inril  mntter  in  a  state  oi'  change,  has  tiie  power  of  im- 
pressing atiivlogoiia  charges  on  organized  Piibstances 
submitted  to  its  action,  just  as  the  gustric  juice,  con- 
taining hjdi'odiloric  of  lactic  acid,  ivith/W/w",  an  flni- 
tnal  malerinl  nnclergoing  meUmorpiiosis,  pussesaea  the 
power  of  dissolving  iibrin  or  coagiilitted  albumen. 

Soon  after  it8  enVrance  into  the  intealine-,  Oie  chjTiie 
is  mixed  with  hile,  pancreatic  juice,  and  the  iutesliual 
jui(M!s,  and  those  parts  which  have  escaped  solution 
previously  are  digested.  The  valuable  portions  are  • 
then  abaorbed  by  certain  organs  in  the  iatestine  called 
Lacieah,  and  thrown  into  the  current  of  th«  circulating 
blood. 

Before  we  cnn  ti-ace  the  cliangea  which  then  occur,  it 
13  proper  to  remark  that,  as  respects  thft  food  it!3clf',  it 
maybe  diatingui&hed  into  two  varieties:  1st.  Nitrogen- 
ized  food,  or  that  which  repairs  the  tissues;  and,  Zd. 
Calorifacient  food,  or  that  used  solely  to  prodticc  heat. 

Tlic  nutritive  processes  of  carnivovoug  aniuialg  are 
very  simple ;  they  live  on  the  horhivora,  .and  fiud  in  the 
careasa^es  they  consume  the  fats,  the  lihrin,  and  other 
Gudi  bodicp,  wliich  arc  necessary  lor  their  own  econo- 
my; these,  therefore,  simply  requiro  to  bo  brought  into 
a  state  of  Bolution,  or  of  estrenie  euhdivisioa,  and  then 
are  carried  into  the  blood.  lu  these  cnsea  the  fats  are 
the  calorifacient,  the  mascles,  eto.,  tho  nitrogenized  ele- 
ment- 
But  the  herbivora  find  in  the  Tegctable  matters  they 
use  the  same  esBenltal  prineiplea ;  their  fibrin,  albumen, 
and  fats  are  obtained  directly  from  plants  in  which  they 
naturally  occnr.  In  the  digestive  process  of  the  two 
great  claBsea  of  animals  there  is  i]Ot_^lhereforc,  in  roali- 

What  IE  tliB  chymo  ?  How  maj  nrtiftcinl  dfiwislio!!  be  |ieTf<irj|fcd  ? 
Wliat  is  nccomplished  in  the  iittostine?  'WTint  tarielifla  of  foAa  urn 
ibery  ?  WliT  i*  the  ■digcation  of  Ihfl  caTTliVorii  siraplei"  llian  llim^of 
Uie  bcibivorrt?  » 
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ty,  any  difference;  both  find  in  theii'  food  iho  cleiiiEnts 
tbey  TGqnire. 

TliG  two  classes  of  food  are  introduced  into  the  bjs- 
tem  by  different  routes  —  the  fatty  niatters  passing 
through  tiie  lucteals,  and  tlio  nitrogenized  nnd  com- 
pletely dissolved  bodies  being  taken  up  by  the  veins  of 
the  Etomach  and  iatostincs. 


LECTURE  LSXXIX. 

Origin  and  Destint  of  ttie  Fats  anp  Nbuteal  Ni- 
TEOGEfjizED  BoDLEs.— JJi£  fic  iDiide  in  (he  Ani- 
mal System. — Is  generaU;/  derived  directly  from  the 
FQod.~ Object  of  Ca-lorij'acie/iC  J'bt/d. —  3/ig  J^ilro- 
ffenized  Bodies.  —  FUn-in.  —  Albumen.  —  Casein.  — 
21^6  Protein  Group. — Fbod  is  Oxidized  in  the  Jlodif, 

Fats, — Two  opinions  have  been  entertained  respect- 
ing tihe  origin  of  the  f:it  which  ocitiirs  in  the  adipoBO 
tissuGs  of  aiiimnls :  1st.  It  has  boon  supposed  to  be  pro- 
duced by  processL'a  tatiog  effect  in  the  eystem  ;  or,  2d. 
Simply  collected  from  the  food, 

In  many  various  proccases  fatty  bodies  arise.  Thus, 
when  muscular  tissue  is  left  in  a  stream  of  water,  a 
mass  of  txdipocire  is  eventually  found.  During  the  ac- 
tion of  nitric  acid  on  fibrin,  nnd  in  the  preparation  nf 
osahc  acid  from  starch,  oily  bodies  are  produced.  If  a 
solution  of  sugar  be  mixed  with  powdered  chalk,  and  a 
portion  of  casein  added,  on  keeping  the  mixture  at  80° 
for  some  weeka,  tnityrat^  oflim.^  ia  formed,  with  the  ev- 
olution of  carbonic  acid  and  hydrogeii. 

But,  though  the  power  of  ibrmiDg  oily  from  amyla- 
ceous bodies  be  possessed  by  the  aniroal  mechanism, 
there  can  be  no  doubt  that  it  is  not  rosnited  to  in  many 
instances,  and  that  the  fats  found  in  the  syetcm  are  di- 
rectly absorbed  frota  the  food,  Often  tb'is  absorption 
takes  place  with  so  slight  .i  change  impressed  on  the 
oil,  ihat,  without  difficulty,  we  can  detect  its  presence 
by  the  odor  or  taste.    Thus  the  milk  of  cows  fed  on 

How  dews  tha  food  j^t  inlit  (lie  body?  What  is  the  origin  of  iho 
fttt  of  nuioiiils  ?  lIijiT  is  ndiyjcieiri;  produceii?  When  docs  biitrric 
acid  ailse?   Wbnt  ii>  iIlq  inoai  prohablo  Eoarco  of  fat? 
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linseed  cake  tastee  strongly  of  that  stibstance;  and  at 
thoae  BBEisons  of  the  year  when  such  aiiiinals  feed  on 
yomig  ahoots  or  leaves  containing  odoriierons  oils,  as 
the  omon,  tlie  taste  is  »t  once  detected  in  the  milk. 

Tbo  deposition  of  fat  upou  an  animal,  and  the  produL'- 
tioti  of  butter  iu  its  milk,  bear  a  ceituD  relation  to  llic 
amount  of  oleagiooua  matter  in  its  food,  for  this  rut- 
son,  lodiaa  corn,  which  eoDtaios  from  eight  to  twelve 
per  cent,  of  oil,  t'urnisliea  one  of  tLe  most  valuable  arti- 
cles for  feeding  and  fattening  cattle.  It  must  be  admit- 
ted, however,  that  where  foods  without  fat  are  used, 
the  syatoni  possessea  tUo  power  of  eflecting  their  pro- 
duction; thus  bees  will  produce  wax  thoush  fed  upon 
pure  sQ^ar,  and  animals  will  grow  fat  though  eating  po- 
tatoes alone. 

The  fata  which  occur  in  plants  pass  into  the  Hysterns 
of  graminivorous  animals,  and  there  undergo  chaDges,a 
series  of  partial  oxidations  occurring.  It  is  only  a  piirt 
which  13  completely  destroyed  at  once,  so  as  to  produce 
carbonic  acid  and  water.  The  residue  accumnlatea  in 
the  cells  of  the  adipose  tiaaues,  to  be  used  at  a  future 
time ;  or,  if  devoured  hy  the  carnivoroua  tribes,  is  do^ 
titled  to  undergo  in  them  those  sncceesive  changes  which 
bring  it  back  to  the  condition  of  carbonic  acid  ani3  wa- 
ter, and  restore  it  to  the  atmosphere,  from  which  it  waa 
orif»;inaIly  derived  by  plants. 

The  atoylaceons  boJiea  and  fats,  or  the  nOQ-mtrogeu- 
ized  bodies,  are  the  calorifacienl  food.  Their  Role  oflico 
is  to  unite  with  the  o-tygoa  introduced  by  the  lungs, 
and,  by  the  prodnction  of  carbonic  acid  and  water,  keep 
np  the  temperature  of  the  .iniraal  system. 

The  principal  fatty  bodies  have  already  beeti  do- 
acn\>ed,  and  thoir  general  properties  indicated. 

NiTROOESiZKD  Bodies. — When  the  expressed  juices 
of  plants,  such  as  beets,  turnips,  etc.,  are  allowed  to 
stand,  there  is  deposited,  afler  a  short  time,  a  coagutiim 
or  clot,  which  does  not  app(>ar  to  difi'er  in  any  respect 
from  animal  Fibfin.  Kthis  be  removed,  and  the  tem- 
peratnre  of  the  juice  raised  to  212°,  it  be<;ouies  tnrbid 
again,  from  the  deposit  of  a  second  body.  Albumen. 

Give  nn  inslttnce  in  the  cusa  of  tlie  coiv.  Why  is  Indinn  corn  val- 
"uMij  fjrfocding?  What  ia  ihe  destiny  of  fais7  What  do  they 
^roauce?    Describe  whsl  occurs  on  warming  a  vegetable  juice. 
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Ou  separatiDg  this  and  slowly  evaporMing,  u  film  forms 
on  the  Burtace  identical  with  Casein.  These  threei  bod- 
ies contain  nitrogeu,  and  may  therefore  he  looked  upon 
as  liie  representMives  of  iho  neutral  nilrogenized  class. 

Fibrin  may  be  obtained  by  heating  fresh-drawn  blood 
with  twigs,  and.  washing  with  water  and  elher  tlic 
fibrous  tilameuts  ■which  adhere  thereto.  As  ihiis  pro- 
pared,  fibriu  is  whitiah,  elastic,  insoluble  in  water,  nl- 
tohol,  and  tthcr,  but  soluble  iu  hydrochloric  acid,  with 
whicli  it  yields  a  blue  solution.  It  possesEea  the  power 
of  deconi  [josiug  deutosida  of  nitrogen,  and  can  coagu- 
late spoalaneously.  When  dried  it  shrinks  very  much 
in  volume,  but  reeovera  its  bulk  when  again  moistened. 

A.lhnmen  occtivb  abundantly  in  the  Bcnim  of  blood 
and  the  white  of  eggs,  from  which  it  may  be  obtained 
by  neutralizing  the  associated  soda  with  acetic  acid. 
Oq  dilation  with  cold  water  it  falls  as  a  while  precipi- 
tate, Eoluble  in  water  containing  n.  miuTite  quantity  of 
alkali.  Exposed  to  a  euftjcieut  heat,  albumen  coagulates, 
and  becomes  a  white  body  wholly  Jnsolmblo  in  water. 
The  strong  acids  also  unite  directly  with  it  and  form  in- 
eolnblo  compounds ;  acetic  and  tribasic  phosphoric  acids 
are  cxceptioue.  AYith  metallic  saita,  as  corrosive  enhli- 
niatc,  it  gives  insoliihle  precipitates ;  hence  its  nse  as  an 
antidote  for  that  poison. 

Casern  is  founil  abundantly  in  milk  as  checBc.  It  in 
insoluble  in  water,  but,  like  albumen,  is  readily  dissolved 
if  free  alliali  be  present.  It  may  be  obtained  by  coagu- 
lating milk  with  sulphuric  acid,  and  dissolving  the  curd, 
after  it  has  been  well  washed  in  watej",  in  a  solution:  of 
carbonate  of  soda.  By  standing,  it  separates  into  two 
portions,  oily  and  watery.  From  the  latter  the  casein 
IS  reprecipitaled  by  salphMrio  acid  and  the  pfoeesB  re- 
peated. The  casein  is  linally  washed  with  ether  to  1"C- 
movc  any  trace  of  fat.  It  is  a  white  substance,  soluble 
iu  an  alkaline  water,  the  sohition  not  bt^iog  coagulated 
by  boiling,  but.  a  skin  forming  on  the  su?'faco  as  evapo- 
ration goes  on.  It  can,  however,  be  coiigulated  by  cer- 
tain aniiaal  substatsces,  as  the  interior  coat  of  a  calf's 
etotnacb.    Cassia  caq  disaoive  bope-carth. 

The  foregoing  bodies  are  sometimes  spoken  of  ns  tlm 

What  arc  llie  prgpcriioa  C'f  filiriri  anJ  Bllminen  ?    WhCFo  is  CHSeia 

Tuand?    Whal  are  its  propartiesF 
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/Viit'-iii  uruiiii,  fiotu  t\if  C'lrcLinislauce  tlint  they  nvrr  :I1 
piti|.[>iiF>uil  lL>  iiu  1  mill  ilk:  utitiUB     protein  {  </,.  A^i, 

[I.  limy  l>u  i-MiiinliHl  IVuni  tlii-m  by  disaolvitis  In  ui  al- 
kiiliiii'  Holution  niiil  |ii'ud))itniing  witli  an  iicid.  It  u  s 
tiLaU-k'ttt,  wU'ilv  hwly,  Bulublu  in  aceUc  acid  and  altalio, 
liiiL  tiwolublu  ill  wuKir.  Tliie  tIieorv.is  not.  Lowerer, 
){(!iic) rally  rcooivcd  hy  cliciuistB,  tlie  Cest  aothorities  re- 
(iiiiilliijt  Uio  coustiuuioti  of  Uibuiuen  as  (C'„g^^O^ 

tinlufm  is  ybtiuiK'tJ  by  lliu  action  of  boUing  water  OB 
liliU',  luHii'n.  liuniH,  I'll!.  Tiiu  jtolulioD  is  freed  frciD  til 
by  tilniitiiiin  mul  fkiiniiiiii^.  ll  tbrnve,  on  cooling,  a  soft 
(cllj-,  w'iiinb  coiilniclN  ns  it  ilrit-s.  fiolmiou  ©f  geialio  ia 
iii'i.'iii|»iUiUiil  by  co-rruBivu  liiiaie,  laniiic  acid,  or  infa- 
ul'  ttiillN;  M'illi  llio  liiUti-  it  yields  a  prccipitalo 
V!\m\\  is  lUu  bneb  of  lenlbcr.  (ilue  is  an  impure  geEa- 
tlii. 

'riio  u1li'og«]iInd  budicH  introduced  into  the  Bvetem 
|iikMK  lliroiiti))  tho  HOULQ  cliniigca  as  iho  iion-iiitrogeDtzed, 
IHii'tiiilnxiiiiitidiiH  Hiving  riuo  Lo  various  tissue  forms,  and 
oiulinji{  ill  iiiii'luiH  iixiiliitiou,  willi  i)  proiluction  of  water, 
lUiiiihi'iiiiv,  1111(1  I'tti'bniiin  iicliI. 

AVliullu'i'  wo  ri'jiiird  tbo  ln;jit-iiiakiDg  or  the  noti-itive 
fooil,  wo  mn«  ikuL  tlio  ruaiilt  i»  iko  Bauic.  Inlrodia-c-d 
throiif{IJ  tin*  liliiotl-vii8»ols  into  tlic  system,  it  is  bronglit 
umlui'  till)  eU'Hl.ru«livo  intlunieo  of  oxyjiGii  arriving 
tln'inif^h  ikci  liJiifjs;  and,  <im  lins  bctii  already  esplained, 
tlic  iiiiioiint  ul' iisy(,'i-ii  irt  HO  atljustoil  to  iku  nmciunt  of 
Uit'HU  cliiwiicH  iof  linx)  com  billed,  tiint  in  an  adnit  and 
lidiiltby  ituUvidnitl  iko  wt'i^jbt  docs  not  change,  cvt'ti  aft- 
er tlio  hxym  of  n  coiiaidcrnlilu  period  of  time. 

Dusi^riLo  ilio  protein  ihcijry.  How  maj  gcliilin  bo  prepnreil? 
Wlinl  Ucoiucs  of  ilio  nitrogen li.ea  liodics  iii'ihc  Bjalcm?  llow  \%  ii 
iJt&t  tliQ  uQiglil  orHioindividuul  doca  not  cbougeF 
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LECTURE  XC, 
IiTTBODTrcTTON  OF  Heat-makisg  ani>  NoTKmona  Food 

IfJTO  THE  ElOOD,  AJ(D   ITS  TeASSUISSIOK  THROUGfl 

THE  System. — Professor  Draper''8  Mqilanatlon  oftho 
GiTculatioii  ofths  BloocL — CoiistitiUion  and  Froper- 
ti63  (>ftli£  Blood. — J*iaariia  andDisks. — Pimction  of 
each. —  Coagulation.- — Composition  of  Blood. 

Thh  ordiaaiy  principles  of  capillnry  attraction  are 
amply  autlident  to  account  for  llie  absorpticm  of  nutvi- 
tioQS  matter  fcora  the  digostivo  cavities,  both  by  the 
lacteala  and  the  vcias.  By  these  it  13  eventually  brought 
into  the  general  current  of  the  circiilation,  and  disuib- 
utfii:!  to  every  part  of  tbe  system. 

"With  respect  to  the  forces  involved  \a  the  circulation 
of  tha  blood,  most  physiologiata  iiave  regarded  the  hy- 
dratilic  action  of  tlit;  heart  .13  amply  sufficient  to  account 
for  nil  the  phenaULeDHi,  It  is  now  on  all  ha.n-da  concedt;U. 
tfiatr  this  organ  tligchargea  a  subsidiary  duly.  The 
wiiole  vegetable  creation,  in  which  circulatory  move- 
ments of  liquids  are  activtly  carried  on  without  any 
sucli  central  mcdianiani  of  impulsion— the  numberless 
esistitig  aoarJiae  beings  heloDging  to  the  animal  world— 
ibi;  accomplisiinient  of  the  Bjeteraic  circulation  of  fishes 
without  a  heart — and  the  occurrence  in  the  highest 
tribes,  as  ia  man,  of  special  circulations  which  are  iso- 
lated from  tho  greater  one,  have  all  Bcrved  to  demon- 
fitratQ  that  wQ  must  loot  to  otlicr  principks  for  the 
cause  of  these  remarkable  raoveraents. 

The  canse  of  the  clrcuhtion  of  the  blood  ia  to  be 
found  ill  the  chemical  l  elatioaa  of  that  liquid  lo  the  lis- 
Buea  with  which  it  is  brought  in  contact.  On  the  prin- 
ciples of  capillary  attractioo,  a  liquid  will  readily  How 
through  It  poroHs  body  for  which  it  has  a  cfietuical  af- 
finity, but  it  will  refuse  to  flow  thl'ongh  it  if  it  has  no 
affinity  for  it.  On  this  principle  we  can  easily  esplain 
why  the  arterial  blood  presses  the  venoas  before  it  in 

Wlia.1  principle  aL-coanls  for  llic  nbaoqition  of  nntrit.ioiis  maClCr  ? 
Does  llio  lienrt  nJono  carry  on  ito  circulation?  Give  instancea  lo 
show  iis  iasuffic'onc-j. 
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tlio  •yrtemic  ciiruIatioTi,  and  wby  the  reverse  oocnrs  in 
ihe  pulmooary.  This  exjjIan«ion  of  the  circulation  of 
tiie  olood,  which  Professor  J.  W.  Draper  ofiered  many 
yeara  ago,  is  now  geoersUy  admitted  to  be  trne. 

The  Bysieinic  circulation  takes  jtlace  because  arterid 
blood  Iiss  :ihigh  affinity  for  the  tissues,  suid  venoos  \Aooi 
lillle  or  tioDe.  The  putnionary  circalation  takes  place 
because  venous  Wood  has  a  high  affinity  for  atmospoeric 
oKVgen,  which  it  finds  o^n  the  air-cella  of  the  longs,  and 
arterial  blood  little  or  iione.  On  the  sxma  principle  we 
may  csplaln  the  rise  of  sap  in  trees,  the  rarcnlatorj 
movements  in  the  diflVrent  aniiuni  tribes,  and  the  minor 
circulations  of  the  human  Byetem. 

Tho  most  striking  pecaiiarity  of  the  blood  is  the  iii- 
ccssnut  change  which  it  undergoes.  It  is  constantly 
being  destroyed  and  as  constantly  being  reprodnced. 
It  consists  of  two  poitions,  the  Plasma,  a  clear  ilnIJ  of 
k  yellowish  tinge,  contaiiiing  albumen,  fibrin,  nnd  tatt 
and  in  it  floating;  disk-like  bodiesj  of  different  shapes  aoA 
magnitudes  in  different  animals.  In  man  they  are  cir- 
cnHr,  and  oliout  -^Vu'^^  of  an  inch  in  diameter,  in  the 
fi  ug  thej  ure  clliiHii..»l,  as  seen  in  J^ff,  308,  about  -rVinFth 
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irii-b  in  diamiiior,  and  nucleated.   They  cooBist  of 

111  1.  I  "  Mrnricr'*  p;iii;iinrit.ioTi  of  Ihe  drcnlation?    Wliy  Joes 
"'II  inkr  |v)iirtf  Of  wlial  portions  doei  the  blooO 
I'IihhI  Unit, 
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a  cell-wnll  or  sac  of  a  substance  like  fibrin,  containing 
in  its  interior  Hcematin.  Whon  the  disks  are  old  and 
abftut  to  die,  the  interior  conteuta  cliange  into  Hmma- 
pheine,  a  yellow  siibsiance,  the  coloriog  oialter  of  the 
urine  aud  bile. 

The  disks  serve  for  the  carrying  of  oxygen.  They 
absorb  it  in  tho  alr-cetls  of  the  luugs,  and  trauGuiil  it  to 
all  parta  of  Ibe  aystem.  As  they  grow  old  and  disap- 
(ipai-,  new  ones  are  formed  from  the  corpuscles  that  arise 
iVotii  the  chyle,  a  a  a,  J^g-  308.  The  plasma  serves  for 
the  purposes  of  nutrition  and  for  tbe  removal  of  waste 
bodies. 

Although  fibriu  exists  io  plajita,  it  is  not  absorbed  di- 
rectly, but  paesGB  through  an  allied  form  known  as  al- 
btiminose.  Alburaen  and  casein  Buffer  the  same  modi- 
Iteatiou.  Beaides  the  direct  proof  tco  liavc  from  the 
analysis  of  these  bodies,  we  know  that  fibrin  and  albu- 
men BO  closely  resemble  each  other  in  constitution  that 
they  are  niuttiaJly  convertible.  During  the  hatching  of 
an  egg,  from  its  albumen  the  fleEh  (fibrin)  of  the  young 
chicken  is  formed — a  phenomenon  accoreipanyiDg  ah- 
Borption  of  oxygen  from  the  air.  In  the  human  sysiem 
abundant  ofc&ervation  has  proved  that  there  is  a  direct 
connection  between  the  quantity  of  oxygen  introduced 
through  the  lungs,  and  the  amount  of  fibrin  in  the  blood. 
When  tbe  respiratory  process  is  unduly  active,  the  disks 
introduce  oxygon  with  r3pidity,aad  the  amount  of  fibrin 
incTeasea ;  but  when  tho  reverse  takes  place,  the  amount 
of  librin  declines. 

The  coagulation  of  the  blood  is  a  phenomenon  which 
has  excited  much  attention,  physiologists  generally  look- 
ing upon  it  either  as  wholly  inexplicable,  or,  what  in  re- 
ahty  amounts  to  the  same  thing,  aa  due  to  the  death  of 
the  blood;  but  it  is  plain  that  coagalation  Tvould  also 
occur  during  life  in  the  blood  ^vere  it  not  for  the  cir- 
ciimEtaace  that  tbe  muscles  pick  out  the  fibrin  and  ap- 
propriate it  for  their  repair  aa  faat  as  it  is  formed,  and 
before  it  can  solidify.  The  following  analysis  of  blood 
ia  from  Draper's  Physiology;  it  will  serve  to  give  an 
idi!a  of  the  conEtitution  of  that  liquid.    It  must  not  be 

Whfll  is  their  fanction  ?    What  body  li-o  fibrin,  ett.,  clianga  initt  ? 
WbaL  \s  tLo  rckikn  of  fibrin  to  nlbueiiGn  ?   WhftC  is  [he  and 
ivliat  tlie  new  hvpotliesB  of  cooBulalion  T 
X  2 


^Ww  w^>kHwiAmaly8ea,beyoiiJ  mere  gen- 
,an  of  bult  rtSae  ;  Uie  composition  of  tlic 
latUy  in  the  eatne  Individ aal :  fur  hi- 
,  A>  MM*  aecidcst  of  his  having  beea  chirstT,  or 
dnsk  iliBBdwtly  of  water,  will  mako 
I  in  iha  n^jsis  of  the  blood. 
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Kattu  or  RKSPiXATiosjisDSKciiKnosi, — IVunomena 
I. — .J«b'oM  t*  t/u  I/unffs. —  CAamges  iit 
l—JYodmetim  ofAnimai  Heat, — J£emoval 
rJMftn  JfiWri.— Cowporift'on  of  Milk.— im  f 
•g%it.— iMnyit .— Jftiem.— i^y— 
— gai^ii' Jtoci. —  6>me. — Via^ctk  and  Albuiniimia 
Vfimtc~Cakmk.—Botu.—Xervous  Matter. 

Drnso  Ifae  stAmiion  of  aa  luiitnal  nU  its  various  cie- 
mtiom  «n  still  fornwJ,  s  conaidemtion  -n^hich  proves 
tihat  tk*  Bndiwtioa  ofviiDc,  bil^,  nnd  other  such  bodies 
b  ia  mJitr  conoecud  with  ih«  degtrucCivG  processes 
goioj;  OA  in'  Um  uinal  eysteni.  Tliese  processes  of  Aa- 
VKI  (wywwo  in  th«  action  of  oxygen  admitted  by  the 
proOMS  of  n-spii-niUoti. 

TVIwiij:*.  vflik'h  t  cnstiliitc  tlic  organ  by  whicli  air  Is 
iatrodac«i.t,  nre  origm.illy  developed  as  diverticula  from 
the  (psopliagiis,  and  finally  become  aa  immense  eougeriea 
of  (*IIs  I'lnptyinj  into  tlio  trachea.  In  respiration  tliey 
nre  ^'nenilly  passive,  the  air  being  introduced  and  e.t- 
ppllod  nllt'niali'ly  by  nuisenlar  contraction  and  the  prin- 
ciple of  the  difliisioii  of  gases.  It  is  commonly  eetlmateil 
that  on  an  average  .ibout  seventeen  inspirations  arc 

What  is  t)ie  composition  of  iba  blo^od?  ■Vi'hQi  U  the  Bourc«  of  [|je 
•«rctiuu*?  How  ii  this  proved?  How  ia  air  inirodiiccil  inio  Dig 
bod/  ?    Whiit  is  llie  TftiQ  of  ins-^iraHan  nuJ  li'i.:  miiuunt  iiilroiJurril  ? 
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maf3e  each  minute,  and  at  eacli  inspiration  atout  seveD- 
teen  cubic  inches  ol"  air  are  introduced. 

Tliu  blood  prGsenla  itself  in  the  air-cells  of  a  deep 
blue  color,  and  is  tliDu  l;n&ira  as  venous  blood.  Through 
tlic  thin  wall  of  the  cell  it  obtains  oxygen  from  the  air 
and  gives  out  carbonic  acid.  Dui-inij;  the  act  0/ change 
its  tint  alters  to  a  brisrht  crimson,  aud  it  is  iiow  said  to 
be  arterialized,  or  to  constitute  arterial  blood.  The  luag- 
iiitiide  of  the  sealo  on  which  this  operixlion  is  carried 
a  forivard  may  be  apprGCiated  i'roiii  the  circumstance  that, 
in  a  man  of  aveinge  size,  in  a  single  day  about  seven 
tons  of  blood  Iiave  beeu  exposed  to  22G  cnbic  feet  of 
air. 

The  oxygen  thus  introduced  acta  directly  either  ou 
the  tissues  themselves  as  it  is  distributed  hy  the  sys- 
teiniv  ctruulatioQ,  or  011  tbe  calorifaoient  material  con- 
tained in  the  blood.  In  the  latter  case,  carbonic  acid 
and  water  arc  the  residt;  in  tiae  former,  carbonic  acid, 
water,  and  amraonia.  Eut  these  ehauges  can  not  take 
place  without  an  Cilevation  of  teruperature.  Carbon 
and  hydrogen  can  neither  burn  in  the  air  nor  in  the  an- 
imal Byatera  without  evolving  heat.  The  high  tcniper- 
atiire  ivhieh  an  animal  can  maintain  is  therefore  directly 
proportional  to  fhe  qiiiiutity  of  osygeu  it  consumes. 

The  liasues,  being  thus  noted  npon,  give  rise  during 
their  nietamorpli0se3  to  new  produt^ts,  which  reriilire  to 
bo  removed  from  the  system.  These,  passing  under 
tlie  name  of  secretions,  are  discharged  by  glands  or  spe- 
cial organs.  Thus  the  carbonic  acid,  for  the  most  part, 
esc-ipes  from  the  lungs  ;  tlie  ammonia  throngh  the  kid- 
neys ;  the  wjiter  from  both  these  organsi  and  the  skin. 
The  sulphates  and  pliosphatea  found  in  the  urine  ariao 
directly  from  the  sulphur  and  pliosphorus  previously  ex- 
isting in  the  muBcnlar  fibre  and  nervous  matter. 

As  an  illustr.ition  of  the  principles  here  given  iu  relar 
tion  to  the  fiiuctious  of  nutrition  and  secretioD,  the  con- 
stitution ami  propertiGs  of  milfc  may  be  cited.  Tll^g  fol- 
lowing ia  an  analysis  of  it: 

What  change  dQOs  tine  HqpiI  fnSvr  in  llie  lung'?  Flow  much 
blooi!  \s  Hcmted  in  a  iay?  Wliw  liccomcs  uf  liio  air  thita  intrn- 
iluced?  Whtii  ix  tbe  cmiHe  of  nniraal  hem  ?  "Wliiit  is  tim  olijpci  i  if 
g'lit'ndtii'    Wint  is  Ibc  origin  of  the  sulplmles  aad  phospliittes  fmnid 

ir  tha  urine  j" 


  873.00 

Catem   4S.0ft 

Supur  of  Milic   'U.OO 

Butter   3a  00 

Phoiphale  of  Lime   2.S0 

OlbwialU   2.70 


I  WO.  00 

Of  the  Butstauces  hero  menlionod,  all  are  nndoubted- 
ly  obtfUDed  directly  from  the  food.  In  the  herbage  on 
M'hich  an  hcrbivor&us,  niilk-giving  auimal  feeiJs,  eveiy 
one  of  these  coDHtituents  occur.  This  has  already  been  *■ 
shown  in  the  case  of  the  fat,  gugav,  and  casein ;  and  the 
evidoQce  13  equally  complete  that  all  the  salta  of  phos- 
phoric acid  and  chlorine  arise  from  the  samo  source. 

A  young  animat,  which,  in  the  first  periods  of  its  life, 
is  nourished  cschisivcly  on  milk,  finds  in  that  milk  all 
the  various  corapounds  it  requires  for  its  owu  cxistence 
nnd  growth.  The  respiratory  food  is  ttero— it  is  the 
butter  and  milk  sngar;  the  ritrogeDizcd  food  is  there — 
it  is  the  casein  ;  and  we  Lave  already  seen  that  albumen 
and  caseiu  are  both  convertible  into  fibriu.  The  casein 
thus  in  the  mother's  milk  becomea  converted  into  flesh 
in  the  young  animal,  To  insure  the  growth  of  its 
bones,  phosphate  of  lime,  hore-eurth,  (a  preEeut;  there 
13  also  common  salt  to  form  the  tydrochloric  acid  of  ita 
gastric  juite^  and  to  furnish  the  Boda  needed  in  tbe  bile 
and  pancreatic  juice. 

It  remains  now  to  furiiisb  a  brief  descnption  of  tlie 
properties  of  the  remaining  leading  animal  substances, 
atnoug  which  m.ay  be  meutiotied  the  following: 

CijTLK  is  a  milky  fluid  fonnd  in  the  thoracic  duct.  It 
resembles  blood  in  coutaiuinR  floating  cells,  and  in  the 
ower  of  Coagulation.  It  originates  from  fatty  and  al- 
uminous matter  absorbed  by  the  lacteals. 
IjYstpn  is  a  fluid  Ibnnd  circulating  thronghont  the 
body  in  the  lympb.ities.  It  contains  fibrin,  vliich  arises 
from  waste  albuminous  maltei-a  picked  up  among  the 
tisBoes. 

MtcuB  exndes  from  the  snrfnoG  of  imicoaa  ihem- 
branea.    It  is  of  a  -white  or  yellow  color,  of  a  viscid 

titve  llio  rompoaiiion  oE  milk.  WliiiL  ia  Ihe  oriKin  of  llieee  con- 
Alitn«nu>  VHij  is  milk  n  perfect  fnml?  What  *,ro  tha  phOBpha.re 
or  lime  and  suit  Tor  ?    DcBOriba  eliyle,  lymiib»  and  mncu*. 
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con  slit  uLioii,  and  inaolutle  in  water.  It  disHolvea  in  a 
Bolution  of  potassa,  and  is  precipit&ted  by  acetio  acid 
and  alcohol. 

Pps,  a  BQoretion  fi-om  injured  aiirfacos,  reBembllng 
mucus  in  many  respects,  but  distiDgoisbed  by  not  beiog 
soluble  in  potaaaa  solution,  but  couvertad  by  it  into  a 
^QlatioOQS  oody,  which  can  be  puUed  out  into  threads. 
Examined  under  the  microscope,  it  contains  white,  col- 
oi'Iesa  globules.  Whea  abgoi'bed  into  the  blood,  pua 
appenra  to  act  as  a  powerful  poison  ;  it  is  a  vehiole  for 
the  naost  virulent  sinimal  poisons,  as  those  of  glanders 
and  small-pas'. 

BiLB,  a  yellow  liquid  secreted  by  the  liver  fi'om_  the 
portal  blood;  it  Hirns  green  in  iho  air,  has  a  bitter 
tasto,  and  an  alkaline  reaction,  due  to  the  presence  of 
Boda.  It  contains  glycocbolate  and  taurocholate  of  so- 
da, cliolosterine,  lat,  mucus,  and  coloring  matter.  The 
composition  of  glycocholio  acid  is  (  C'^jfl,,  ^it^^  >  of 
taurocholic  acid  (C'safligOu'^a-^' 

Saliva  is  a  transparent,  viscid  liquid,  secreted  In 
glands  in  the  neighborhood  of  the  mouth.  It  contains 
an  organic  principle,  pCvaliiie,  which  acts  as  a  ferraent 
to  starch  and  sugar.  Iho  tartar  whicii  is  deposited  on 
the  teeth  consists  of  salts  of  the  saliva,  chiefly  phosphate 
of  lime,  cemented  with  animal  matter. 

Gastric  Juice  is  a  eecretion  from  the  mttcous  mam- 
brane  of  the  stomach.  Its  essential  ingredients  are  hy- 
droobloric  acid  SLndpqjsin,  and  its  function  \s  to  dissolve 
nilrogenized  food. 

Ukine,  a  yellow-colored  fluid  seoreted  from  the  kid- 
neys, has  an  acid  reaction;  specific  gravity,  1.005  to 
1.030;  putrefies  nt  a  moderate  temperature,  its  urea 
passing  into  the  condition  of  carbonate  of  ammonia. 
Composition  of  Urine. 


Water   933.00 

Urail  ,   30.10 

Uric  Acid..........   LOT 

Lactic  Acid  ood  Extractive   17.14 

Mncna   00.32 

Splits  (mostl;  iihosphaCea  and  anlphates)   18.14 

iOOO.oU 


Where  does  pus  form?  Wl)iti  i§  bileF  Give  lis  composiliou. 
What  is  the  object  of  snliva?   Wlint  is  iiirmr?   "VVlial  ia  ihe  fmiE- 

tion      gastric  jtiatiQ  ?     Givc  tlii^  CE>nipe>£itioi1  of  arine, 
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cr  bulb.  On  immersiDK  it  >i  ^  liquid  of  high  specific 
gravity,  it  floats,  as  at  C ;  while  in  diabetic  urine  llio 
^quid  stauds  at  some  intermediate  point,  as  seen  at  A. 

Albumen  is  fouud  in  arine  in  Bright's  disease,  and 
may  be  detected  by  heating.  A  white  precipitate  forms, 
insolable  in  nitric  acid.  The  precipitate  oi  phosphates 
formed  by  heating  is  soluble  in  that  add.  Urine  may 
also  contain  blood,  pus,  oasts  of  the  arintferoaa  tabnli, 
etc.,  and  must  in  Bach  cases  be  snlgected  to  nucroBoqiio 
examination. 

ITbiitabt  Oalcitli  are  stony  oonoretions  formed  in 
the  bladder  of  man  and  many  animals.  They  are  of 
different  kinds:  1st.  Urio  add;  2d.  Urate  of  ammonia; 
3d.  Phosphate  of  lime,  magnesia,  and  ammonia ;  4th. 
Oxalate  of  lime,  or  molberry  calculus ;  5tli.  Cystic  and 
xanthio  oxides. 

Bones  consist  of  two  parts,  an  animal  and  an  earthy 
matter.  The  former  is  gelatin,  the  latter  phosphate  of 
lime  (bone-earth). 

NsBTOUB  Matteb  condsta  of  an  albuminous  sub- 
stance, with  several  tatty  principles,  distinguished  by 
the  remarkable  fact  that  they  contain  phosphorns,  which 
oxidizes  when  they  are  in  action. 

As  it  would  not,  however,  be  consistent  with  the  plan 
of  this  book  to  prolong  the  consideration  of  this  snbject, 
and  become  involved  in  physiological  questions,  the 
reader  is  referred  for  farther  information  to  Draper's 
Fbydolc^,  where  aaoh  matters  -are  Ailly  discussed. 

When  is  albumen  ibnnd  in  urine  ?  Hon  is  it  detected  ?  What  is 
the  compoMtion  of  nnnary  calcnli?  WhU  is  the  coraporilioQ  of 
bMU?  Vniat la Uiepeciduri^  of OKTons matter f 
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mMuxali-i',  i.'il. 
piciBI-allii.',  SM. 
mcuphoBjiliui'ic,  276. 
iDcthionic,  i  17. 
mucic,  401 . 
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miTuiii',  473. 
niirie.  L'fi3. 

nitriiii^-,  LJ(;i . 


tt 
•t 


■4 

U 


■I 
*• 
(• 

(t 
I( 

H 

ii 
tt 
(t 
It 
tl 
■I 
<t 
tl 
II 


8ML 
ozBlh^dri^  400. 
mulnrk,  tfl. 

imlinilk,  tTi, 
]i;iv.'ilianir,  4."il. 

panUitaric,  4SA. 

pactic,  39S. 

penmimaidfc  MO. 

pho^JwglJ-cwfc,  4T2. 

l^hosjilmrk',  576. 

]ilnj^['li£jviiiic,  414. 
]iicrii-      ciiilin/.utip,  467. 
pinic,  eylvic,  Dod  pimuvic, 

475. 
propionic,  472. 
pruasic,  441. 
porpiiric,  ■iS'^, 
pyrof^itllic^  4^8.. 
pyroUfneoas  419. 
pTTonieooiiiG,  tUl. 
pjrrepho^hoiitb  27fi. 
pjmtartul^  4S6. 
niL'omiL',  4-54, 
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ioba^47a. 
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AlbumcDr  485, 

AlbnminQse,  4^.  " 
Alcargcp,  42S. 
Alchemy,  1. 
Alcohol.  407. 
Aldehyde,  418. 
Alkaloid^  4fi8. 
Alkarsinc,  425. 
AHantdn,  45a 
Allotropism,  211, 
Alloxan,  451. 
Alloxantino,  451. 
Alnmlnn,  333. 

wlphates,  838, 

jUHDWiaiBi,  raa. 
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Aaialgani^  573. 
Amber,  4?.'. 
Amiduie,  SD2. 

A^^VMM'WHaelid.  448. 
Ammonia,  oarbonaie,  440. 
nitrato,  440. 
"      preparation  and  ptoi^ 

erties  of,  306. 
"       Btilpluite,  440. 
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Auciuid  barometer,  255. 
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Arabine,  39G. 
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Azoic,  241. 

S. 

BlilloOD,  IG. 
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"      oxiJes,  32.i. 
"      Bnlphidd,  325. 
Bnriey  sugar.  3R3. 
Bnroincter,  2tiS, 
Bnrrtfl,  325. 

cnrhonaic,  326. 


B.HTtii,  sulphate,  32 G. 
Basil  Viileiitiiic,  2, 
Bn^sarine,  H^C. 
Baiiarv,  electrical,  137. 

"      Volmic,  151. 
Bell  nietnl,  3tl4. 
Benzitmiiie,  434. 
Be II zinc.  4.1.^,  480. 
Bcnzoinc,  435. 
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Bouquet  of  wine,  iOG. 
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Cffi^iniu,  31),  323. 
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"      EulpLidc,  32S. 
Calculi,  urinnry,  495, 
Citlomel,  372. 
CaloritDEler,  33. 
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Camplior.  474. 
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Cniuphor,  nrtilicial,  4T4. 
C«nale-1>«ni}i,  50. 
Caoaiclumc,  1*5. 
Capacity  far  bcai,  31. 
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293. 
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Chylo,  4ns. 
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"'iiiii,  4*!l. 
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"    oil,  477. 
Cobfllt,  347. 

"     character  of  salts  of,  $41 

"     chloride,  347, 
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"       radicals,,  379. 
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•'      allnyaof,  3C4. 
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Creaaole,  477. 
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CiTstallizotion,  CrystnTlop'jiphyi 

1^04. 
Cryslalloid,  390, 
Culinary  paradux,  E6. 
Capellution,  368. 
CyniiogL'si,  3O0, 141. 

"       cfiioridca  of,  446, 
Cystic  oxiJc,  453. 

D. 

Dngnerreolype,  120. 
I)iiltDD'9  lUeory,  1, 
Daniinnri  tcsin,  47i>. 
Danicll's  battery,  1S2. 
Snphniae,  462. 
Uaturine,  4G2. 
Davy's  tbeorj-,  3. 
Dccomposiiioii  of  water,  1G6. 
Selphininc,  4l>2. 
Deutoxido  of  ijitTDgen,  260. 
Eovelupers,  123,  420, 
Dew,  85. 
Dov  point,  G3. 
Destrine,  392. 
Dialwies,  494, 
Dinljsis,  330. 
Dfamaenclism,  1T6. 
Diamond,  291. 

"      plifisphorcseenco  of, 
115. 
Dianiuni,  337. 
Diastase,  592. 
Diailiermnc)',  81. 
Dif^yatiomglanilitie,  3^ 

DidymiiLoi,  337. 
DiolectricB,  142. 
Difierentia.)  thernioinfiler,  18. 
plffusian  of  puses,  llaR, 

of  liciTiidB,  390. 
Digestion,  181. 
DitDorpliism,  209. 
Dialis,  487. 
DispcWiOfl,  98. 
Dragon's  blood,  475. 
Drajjer's  photometer,  91. 

"      researphca  onlight,  111. 

"  "       on  thcrmo- 

eJectriciij-i  i8& 
Drumtnond  light,  22t. 
Diifay'g  theory,  13li, 
Doich  liquid,  415. 


E. 

Earthenware,  muaufactare  oT,3Si. 

Ebonite,  475. 

Tibullitton,  53. 

Elddint,  472. 

Elddtliydo,  419, 

Elateriiip,  1G2. 

Electricity,  action  of  oa  magnet, 
173. 
"  aQimal, 
"        conduction  of,  135i 

"       of  gleam,  14C. 
stfllicnl,  124. 
Voltaip,  UT. 
Electro-chemisiTy,  160. 
ElectrolyHU),  IG'2. 
Electro  meters,  140. 
Eleccr&type,  163. 
EluctrcpliDrua,  146. 
Emeline,  462. 
Emulbine,  443. 
EquivaJeot  numbevB,  IBB. 

"  "  tablaof,193. 

Eremat^usis,  383. 
Essences,  473. 
Elba],  478. 
Ether,  409. 

conijnnouB  process  for, 
"     hydrochloris,  411,  433. 
Ethers,  eompounJ,  411. 
Etherine  and  Ethcrolc,  416. 
Ethjlo  group,  411 
Endioraeter,  243. 
Edpion,  4TG. 
EviiporatioD,  dd. 

"       at  low  temperatBre, 
59. 

"       coniiitionB  of,  67. 
Expansioti  of  solids,  27. 

of  fluids,  19. 

r. 

Fiu-adaj's  tbaory  «r  poluutation, 
143. 

Fntiy  bodies,  469,  483, 
Fermentation,  acetous,  40S. 

"  alcoholic,383|4113. 
lactic,  404.  409. 
Ferricyanoeen  coinjionnda,  447. 
Ferroeyanoeen  <(imponiida,  446. 
FibriB,  485. 
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parti,  tepttNa,  «*■ 

Tit*  fninfc  37. 
Tixei  »>T,  219.  J,  . 

Flamr.  wmwure  of.  70,  113, 827. 
FlBnride  of  boron,  30». 

FMWMBMkrial.  493. 
pnnUinVtbMWT.lSS. 
nixninB,  4S. 

Cl. 

lltfiUe  n«kl,  Sit.  S6T. 

G. 

(lalmiitBk.  147. 
(t«jT«Tioro«CT.  157. 
t^amKvn.  WW,  4TS. 

i)iMrit'jak«.4M:. 

tMMlnrV  ttAw.  I«L 
iMMtn.4^ 

«i|N«v  n>»iitii!».-:nrr  .-iE  SS4, 
•■    -^ilnhin.  m. 

( :;,vM..ii.,i 

V  s  •  >.■..  , 

V'--.,..:.^,  *V. 

■-■>  .    V  .,.>.v.  ■J'V. 

-  -frtv ...... I, 

-Vii-',-.;. 


Hematonrline,  4ec. 
Haloid  salts,  19S. 
Hare's  blowpipe,  233. 
Heat  afiects  measnres,  19. 

"    BniauO,  481.  ^ 

«  caprnd^  for,  31. 

"  wmdnction  at,  68. 

"  dyiumie  ttkCOTT  or.  11 

"    exdungn  fe. 

"   expansion  by,  12. 

"  Ut«it,39. 

76,  ' 
"  Tariedea.  so. 
Hesperidine,  46S. 
Homolt^oiis  senes,  381. 
n  vdrDbeDunude,  43i. 
HVdroseii,  antuBooiiimvd,  362 
«      MMdHRted,  seo.  ' 

pennida  0(^240^ 
pomade  S7S 

CTt«es  of,  229, 
falphweted,  271 

HT^TMDdeT,  DaniellX  63. 

SwwBore's,  62, 
Tctbolh,  64. 

HrpmniPlrr-  52, 

HTpcnitron?  acid.  361. 
HVpcwali&iiToiit  add,  S~L 

I, 

r«.  241. 

l^nxoiun.  o.>4. 
lw»  In^itniv  17, 
Isifsnra.-iiVBliiT  of  matter,  8l 

t3>i  1*?, 
U»nlKcB.-«.  lOS. 
kTKTKxef,  4, 

^-■•i^-  ?c«F*mKn  asd  vtopet- 
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Iron,  carbonate,  345. 

"   cast,  Torieties  of,  341. 

■<   characters  of  ulU  of,  344. 

■<   chlorides,  845. 

"    manufactore,  340, 

"    oxides  of,  843. 

"    passive,  843. 

"    sulphates,  345, 

"   salphidos,  345. 
Isatine,  467. 
Isomerism,  211. 
bomorphism,  210. 

K. 

Eakodvie  and  its  covafaaaiB,42i. 
Eakopiatyle,  465. 
Rapnomar,  477. 
Eermes  mineral,  863, 
Kerosene,  480. 
Koumias,  395. 
Ejanol,  463. 

L. 

Lac,  476. 
Luteals,  482. 
LactiiM,39fi. 
Lampblocb,  292. 
Lamp,  safety,  71. 
Lanthanum,  336. 
Latent  hent,  39. 
Laugh  ing-gHB,  269. 
Laws  of  comlunatiol),  199. 
Lead,  86S. 

"    action  of  water  on,  366. 

"    alloys  of,  867. 

"    carbonate,  366. 

"    characters  of  salts  of,  866. 

"    chloride,  866. 

"    iodide,  366. 

"   nitrate,  S67. 

"    oxides,  866. 
Learen,  408. 
Lecanorine,  462. 
Leiocome,  893. 
Lenkol,  464. 
LeTdenjar,  186. 
Light,  cause  of,  8T. 

"    chemical  action  of,  116. 

**    reflection,  refiractkm,  and 
polarizadon  of,  108,  111. 

"    wave  theoiy  ot,  100. 
Lignine,  396. 
Lignite,  479. 


Lime,  8S7. 

"    carbonate,  339. 

"    chloride,  330. 

"    oxalate,  400. 

"    phosphate,  330. 

"    salts,  characters  of,826. 

"    sulphate,  329. 
Liquor  of  Libavius,  861. 
Lithium,  323. 
LiimuB,  467. 

Liquids,  Bxpaation  of,  19. 

"     condnethn  ot,  78. 
Lnnar  photography,  116. 
Lymph,  492. 

M. 

MnchlnM^  electrical,  127. 
Madder,  455. 

Magdebn)^  hemispberaa,  248. 
Maj^nta,  4G4. 
Magnesia,  331. 

"      carbonate,  331. 

"       characters  of  salts  of, 
331. 

■  "      phosphate,  832. 
"      sulphate,  882. 
Magneeinm,  preparation  andprap- 

erties  of,  330. 
Magnetic  field,  177. 
Magnetism,  1G8. 
Magnets,  artificial,  166. 
Magneto-electricity,  180. 
Malachite,  864. 

Manganese,  characters  of  salts  of, 

889. 

"         chloride,  339. 

"        o:xides,  338. 

*'        preparation  and  prop, 
erties  of,  888. 

"        sDlphate,  340. 
Marcet's  boiler,  62. 
Margarine,  470, 471. 
Margarone,  471. 
Marine  glue,  476. 
Marriotte's  law,  CO,  257. 
Marsh's  test  for  arsenic,  858. 
Mauve,  463. 
Maximum  density,  24. 
Mecooine,  462. 
tbdicated  tnbeis  132. 

"      waters,  478. 
Helam  and  mebunine,  448. 
HeDonc,  44D. 
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MerciipUii.  U-l.  430. 
Ueccnrv,  ,171. 

"      ctiatiKtci-(  of  Btlu  of, 
3Ti 

*•       tlllnriJca,  3T2. 
iwditica,  a-73. 

*■      nitrates,  ST3. 
oxide*.  371. 

"      sulphaiM,  372. 

*■  »ul|.hiilca,37a. 
Mesitv1<!,  433. 
Wclufjtflij  416. 
Mclnl,  tua'ihie,  2S*,  367- 
MetaU^  general  preportks  of,  3(>9. 

"    clusilicatiDn  of,  310. 
Mttlivle  cl•m|lou^li^  42G. 
Wei  hv  Ici  liv  lani  y  lopli  en  jliuQj,  3  &3. 
Microcostiiic  sail,  322. 
Milk,  nompoBiijcn  of,  4D2. 
MindcreruH  sjiinl,  421. 
Minoral  chnmeloon,  330. 

"      ivalers,  239. 
Moiri?  m^tnlliiiDe,  351, 
Moli  bflcnnm,  354. 
MwH  jiliotoemplied,  116* 
BIcKire's  lest.  3D3. 
3iluri)iim9,  4G.'>. 
lMtif()hi[i,  iu'J. 
Morsp's  iclej-rapb,  176. 
Mpjsic  goM,  351. 
Muoilngc  3!>6. 
Miicim,  *'J2, 
Miiliiplk'r*,  I7S. 
MrrcMMi,  t.'iS. 
MiiriixL[|p,  4.'i3. 
Miistiiivailii  Miliar,  S9S. 

N. 

Nn]>1itlm.  ITT. 
>Il^Jllltllnllllc,  i77. 

Niiivriii,  4 cm. 

Nni'i>ii|ln,i, 

^;'li■lllvt^  r.'i. 
Nriruiii  tiilMiiLtirr,  iDfr. 

"     mtlplittW,  MO. 
Mnilliir.  Hl'J. 

Mtllll  .>lt>M11l.  MIL. 

ilnii    :  .  I 

i  rrv  of,  ). 


KitTobeniide,  48e. 
Kilrogcn,  chloride,  2*3. 

"        compouiula  vith  cxf- 
gCD,  2SS, 
deEermiiHUioTi  of,  36$, 
"       prcparaiioii  uQdjrtopei. 
lies  of, 
Hivmas  acid,  2m. 

"     oxide,  23a. 
Nanienckiure,  8,  101, 
Korium,  33-1, 
Nuttneg  bulter,  472. 
Kalriiioii,  faaccioii  ol^  481, 

O. 

(Enanthic  ether,  113. 

Ohm's  theorj-,  165. 

Oil  of  Witor  nimonij*,  433. 

"    cnjepiit,  173. 

"    einnninon,  473, 

"    copaira,  473. 

"    horseraJiGb,  473. 

"    krciidor,  473. 

"    lemons,  473, 

"    mustard,  473. 

"    peppermint,  i73. 

"    ro-scnmrj,  473- 

"    spira'a,  437. 

'*    BiovQS,  473. 

"    turpentine,  474. 

"    Titriol,  preparaiion  of,  26BI 
"     wSna,  heary,  415. 
Oils  and  fnis,  169. 
"  palm  and  cocoo,  472, 
"  Yoktile,  173. 
OlefiaDt  gas,  29d. 
Oleiiie,  471. 

Oi-ci!liie  iiDd  orcino,  468. 
Organic  bodies,  analysi<t  oF,  324, 
"  '*    clBssification  ot, 

363. 

"  "    decomposition  of 

by  heat,  362. 
"  "    general  chnrso 

lera  of,  377. 
"     chemistrj,  377. 
Orpimetit.  360. 
Osmium,  376, 
Osilates,  309. 

Oxntnt^lhntie,  412. 
Oxnmide,  412. 

Ox;rRen,  pi^pamtion  tmi  proper- 
t'iei  of,  212. 


INDEX. 


605 


OsyhydrOKen  blowpipe,  S33. 
Oione,  2^8. 

P. 

Palladiniii,  373. 
Folmiiine,  4T2. 
Fulia  oil,  472. 
Papiti's  (ligcsiCT,  54. 
Farncynnogen,  441, 
Paraftine,  47G,  480. 
Pnrnnaplicliflline,  477. 
I'archnieiil  |iH]iei',  397. 
I'BBcnl'a  esperimeni,  25i. 
Pecline,  89«. 
Pelopium,  35i, 
Pcn:IiIoric  nciil)  263. 
Petrolfcum,  479. 
Pewter,  351. 
Phene,  435. 
Phlogistic  (hcory,  7. 
Phloridzine,  402. 
Fli  osph  crescence,  114. 
riioephori,  114. 

Plioephorii;  acid,  376. 
I'liosphona  coinponnds  with  oxy- 
gen, 2"B. 

"        fiTppnrnlion  and  ppop- 
ertica  of,  273. 
Pliosphureted  ItjdrogeD,  277. 
Pliolograpfij-,  1 19. 
Fholomolera,  89. 
I'icainiir,  477. 
I'icrotoxinc,  4C3. 
PilD,  Voltair,  151. 
Piperine,  462. 
Piieh,  476. 
Pit  todl,  479. 
Pittaca.1,  477. 
PlnEina,  487. 
Plsliniiin,  ST4. 

black,  375. 

"      cbloridc,  375. 

"       osidea,  376. 

"      poner  of  datemiining 
union  of  gsEes,  374. 

*'       spongy,  374. 
Plembflgo  or  gnrphile,  299. 
Pneumatic  Iroiich,  219. 
Polarizntion  of  light,  106,  334. 

"        of  heat,  efi. 
Populine,  4l33. 
-  PorcclaiD,  mantifactDie  of,  834. 
Potitire,  131. 


FotnssB,  ai5. 

"       bicurbanalG,  317. 
"      bisulpliate,  317. 
"  enrl)onale,3l7. 
"      chlorate,  318. 

hjdinioQf,  31S. 
"  nitTaiCi318. 
■"      oxBlnte,  390. 
"      BaliB,  testa  Tor,  31B. 
"       fiulphate,  317. 
Potassium,  chloride  of,  317. 
"       ioJide  of,  Sit. 
"       peroxide  of,  3HJ. 
"       preparation  anil  prop 

ertica  of,  813. 
"       BDlphides  of,  316. 
Potato  oil  and  its  compoands,  431 . 
Printers'  ink,  4C9. 
Prism,  S3. 
Protein,  4aG. 
Prussian  liliic,  447. 
Pnlsc  glasR,  61, 
Furgile  of  Cnasiue,  S7S. 
Pus,  493. 

Putty  powder,  3G0, 
PjTuncttic  fipiril,  422. 
Pjroineier,  26. 

Dflniell's,  30. 
Pjroxylic  spirit,  427, 
Pjrrajline,  401 . 

Q. 

Qnartation,  373- 
Qneriritron  bark,  4flS. 
Qnicksilvcr,  371. 
Qoinia,  461. 
Quinoidine,  4G1. 
QuinoUnc,  4G4. 

E. 

Itadialion,  TG. 

intcrstiiial,  12,  GS. 
Baphides,  400. 

RaTs  of  tlie  sen,  chemical,  1  IS. 
Rciilear,  3(iO. 
Keflmion,  law  of,  110. 
Koftaction,       of,  110, 
KcgelatiuiL,  44. 
Hoinseli's.  lest,  337. 
Repiilaion,  120. 
Resin  9,  47G. 
Rcapirnticn,  251,  490, 
RhemlRi,  IC7. 
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Kochclle  BatU,4Sl. 

RuIiiJium,  96,  321. 
Ruiiberg'B  law,  IS. 
BuIimltimr'B  coil,  181- 
KDt<CTt's  tlropa.  ZQ. 
liatbcnium,  3TG. 

& 

Snechulmine,  393. 

SBfelj-jcl,  Hemmbg'a,  71. 

Safety- lamp,  71. 

Sngo,  392. 

Salicino,  437. 

galicjlo  i^ompo 011^9,  437. 

Saliva, 

Sancioiiu's  ihcrnioinsKr,  16i 
Schoele's  i;reen,  356. 
Secretion.  tilO. 
ScigncLtu  snlte,  154. 
Seleniiim,  213. 
Silicon,  3G3. 
Silver,  3G7. 

"     ntnnioninrcl,  370. 

"     churaclers  of  suits  *f,  JtCB. 

"    cliloride,  3-69. 

"    Gertniin,  34a 

"    iodlJo,  369. 

<*    nitrate,  8C9. 

"    oxides,  869. 

"    platinR,  163. 
Bulphide.  369. 
Silcerinj;  on  glass,  StO. 
Small,  at7. 
Bmea'a  bnilorv,  1G3. 
Sngw  crj'Mtsl^,  236, 
Hoaps;  saponilicaiion,  4T0. 
Soilft,  bitmrniD,  323. 

"    ifli-nrbonnle,  321. 

"    cnrlwuHW,  321. 

■'    hydrate.  320. 

"    nittate,  322. 

"    pbosplintGB  of.  322. 

"    BQljihttCe,  42,331. 

"     water,  296. 
Sodinm,  dilovijo.  320. 

"     iircpartion  anJ  propcr- 
tiea  of,  313. 


Spoi^ific  beat,  31. 

■'     induction,  144, 
Spectra,  98. 
i^pcctres,  117. 
Speciro scope,  97. 
Spectrum,  solar,  93, 
SpsciUum,  me  ml,  36 1. 
SptTiHiiceti,  473. 
Spliproidal  state  ofwfiler,  57. 
Spinca  iilmnria,  oil  of,  4.37. 
Spirit  of  wine,  408. 
Sta4*li,  SOL 

Steaiis,  clastic  Sores  of,  &8. 

"     engine,  56,  G6. 
StNU-ino,  470. 
Stearopieo,  471. 
Steel,  3i2. 

Stone-ware,  ina!Hirai;ture  of,  334. 
Stronlifi,  3211. 

"      nitrate,  327. 
"     8iilp3iftto,  327. 
Stfcnllnni,  32G. 
Strychnia,  4G3. 
Sublimate,  corrosiro,  373. 
SubE^iimiion,  380. 
Sucrose,  393. 
SugBX,  cane,  393, 

"    eucaly-piupi,  396. 

"    from  ofKot  of  tje,  396. 

"    Kmiw,  393. 

"    of  lend,  421. 

"    of  milk,  395. 
SuJphobenziile,  430. 
SulphocjnTiogeii  compounds,  448. 
Sulphnr  compounds  witlv  oxygen, 

'■     occnrrencc    in  nntnre. 
2G5. 

"     pToportie5  of,  2G1. 
SalphnrelEd  hydrogen,  371. 
Sulpliaric  ot^id,  2G0. 
Sulphnrous  acid,  207. 
Sun,  atmospbere  of  tUe,  9;;. 
S  jmbolB,  las. 

table  of,  193. 
Sympathetii  ink,  347. 
i^rnaptase,  443. 

Sjalcm,  cryatallograpbical,  204. 
T. 

Tapioca,  3i)3. 
Tar.varioties  of,  471. 


TtMax  emetic,  464. 
Telescope,  Rilrered-^osi^  116. 
Tellurmra,  362. 
Thallium,  337. 
Tliebaift,  160. 
Theiae,  4G2: 
Tbeobromine,  468. 
lliBniio-electricltr,  16S. 
Thenno-elecuie  pile,  82. 
TbermometeT,  Brunei,  SO. 

"         coiutniction  of,  29. 
<'         differential,  IB. 
*'         Sanctorio'a,  16. 
"  ■calei,2L 
Thorinni,  386. 
Tin,  849. 

"  chloride,  360, 

"  oxide,  350. 

"  sulphide,  851. 
Tin  plate,  361. 
Tiunhim,  SS5. 
Toning,  182. 
Torpedo,  1 88. 
Torula,  403. 
Trade-winds,  76. 
Transverse  Tibradoni,  VJZ. 
TnngEten,  364. 
Turmeric,  466, 
Tnrpeth  roinerftl,  872. 
Tnie  metal,  863. 
iTpes,  cbemieal,  879. 

U. 

Ulmine,  397,  47^ 
Undnlaiory  theorf,  100. 
Vramile,  462. 
Uranium,  864. 
TJree,  446,  UA. 
Viinaxy  calculi,  49S. 
Urine,  composition  of,  498. 
Urinometer,  494. 

T. 

Vanedinm,  363. 
Tapor,  elastic  fine  of,  60, 58. 
yapors,  deniity  66. 
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VapOTB,  Bature  of,  46. 
Vaporization  at  low  teraperatnre, 

laws  of,  47. 
Varrentrapp  and  ■Will's  balba,  889. 
Veratrine,  462. 
Verdifttis,  421, 
Vermilion,  372. 
Vinegar,  419. 
Vitriol,  blue,  86*. 
"     green,  345. 
"    oil  of,  269. 
"     white,  846. 
Voltameter,  164. 
Volumes,  comUnation  bj,  202. 
Vnlcmintion,  47S. 

W. 

Water,  compodtlon  of,  166,  284. 

"     of  ctTStallization,  289. 
Waves,  length  of,  107. 
Wax.  473. 
Wines,  406. 
Wire  gauze,  70. 
Wood  ether,  426. 

spirit  and  its  compound^ 
426. 

Woodj  fibre,  896. 

X. 

Xanthic  acid,  424. 

"      oxide,  463. 
XanthophTlline,  468. 
Zyloidlne,  401. 

T. 

Yeast,  408. 
Yttrium,  886. 

Z. 

Zaffre,  347. 
Zamboni's  piles,  142 
Zinc,  347. 
"    oxide,  348. 
"   silicate,  848. 
"  nilphntc,S4& 
Zirconium,  836^ 


